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!3rookuaven!JacionalLaooratorv ZZ-lluerationalSaiety
Ldooracary

Program

1. Cancractar: Cantrricc!Jo. Task ?JO.:Associated Universities, Inc. ~“

AT(30-1)-16
2. i’roleccTicie:

189 NC.:Safety Studies and Development af Operational Guidelines
Marshall Islands Radiological Safety Program Rz-1

5. ~et~.cd~f Re3Dr-.TZ:.-.. 0. Aorkinq Location:
Annual report ta Division of Operational Brookhaven NacionaL Laboratory
Safety

Principal ~Kvest~q~c~~:

Y. GreennGuss
F. Haughey
A. Hull

Frcm: To:

Prcject xill be Lniziaced in
CT :975.

Sci., Res. ASSOC. (Ph.D. or Equiv.)
Prof. (B.S. cr Equiv.)

SCi. & ?raf. - Total
Others
Guests & Research Collaborators

TocaL

---
---
---
---
---

1.0
0.5
~.j

1.0
---

--- 2.5

1.0

---

~.j

LO. Costs (In Thcusands of Dollars):
FY../.Q-i FY 1975 .?i:9-6

Labor (includingbenefits) o
Mats., Trav,, Dev, Subcont., SpecIl proc

30 00
0 75 .-

Reactor, AcceL.,
. 3/

and~or Computer Usage o 7 ~
Allocaced Technical Services

o ; 1Gen. & Adm. Overhead
o 15 32

Total Research Cost
o 125 -

Squipment Obligations
o 0

il. Ieac:or Cwceoc:
i2. Materials:

.+Z-i



Saiety Studies and Development of Operational Guidelines
?rJject Title: Marshall Islands Radiological Safety Proqram 32-9:

13. Publications:

Xone

14. Scoue:

NOW that !-ficronesiansare returning to the islands affected by weapo~s
testing, a comprehensive, continuing radiation safety program is required.
Such a program would be developed for c!leDivision of Operational Safet:~
using the facilities and personnel of t’neBrookhaven National Laboratory
!+eal~h?hysics and safet:~Divisio~ This project is intended za ?rovide
Operational Safet’ywith a single focal point for their needs in this area.
Areas needing scientific investigation will be suggested to the 2ivision
of Iiiomedicaland Environmental Research, and other support activities to
Ehe Division of Operational Safety.

The specific goal of this project is to gather and evaluate previous
and currenc data on the radiological situation as they relate to actual and
projected land use. Significant exposure pathways will be identified as a
basis for establishing a continuing environmental monitoring program.
‘Jsin3this inicmation, annual surveys in the islands will be designed and
?erforned in conjunction with the Brookhaven Yedical Survey. Environmental
samples will he returned to Brookhaven Sacional Laboratory for analysis.
Iiiaadizi;n to those samples required to estimate the accuracy of the dose
predictions, s?ecific samples relating to the Medical Survey Groupts interest
will be cailec~zd and analyzed. Our close relationship with the Medical
Survey Group will permit us co respond rapidly to their needs.

15. RelacionshiD to Other Projects:

a) The facilities and personnel of the Brookhaven National Laboratory
Health Physics and Safety Division Environmental Monitoring Group will be
the basic element in the project.

b) !-!utualassistance will exist with the Brookhaven Medical Survey Team.
The annual radiological survey would be conducted during their visits to the
islands when possible.

c) Extensive use will be made of the data and experience of previous
studies in the islands. This will include consultation as needed with the
personnel from the Lawrence Livermore Laboratory, Southwest Radiological
Health Laboratory, AEC Health and Safety Laboratory, etc. Close cooperation
with the University of Washington is anticipated for the radiological
analysis of marine biota in the Marshallese diet.

16. Technical Progress in Ff 1974:

Health Physics and Safety Division staff members will assist in the
~arcn 1974 medical survey in the islands in order to familiarize these

(See Continuation Sheet)



Safety Studies ana Oe’:elopmenccf Operational GuideLlr.es
Project Title: Marshall Islands RadiJloqical Saiecy ?rog,ram 32-$33

16. Technical ?rogress in FY !974: iConc’d)

personnel with zhe area and enable :i.em[0 anticipate technical ant!
administrative difficulties.

17. Expected ?esults in y 1975:

The project will be initiated in rw 1975 when tbe first c!ecailed

surveys in the islands will be designed and performed.

18. Expected ?esulcs in W 1975:

A radiation protection program for the islands will be fully iin?le~.encea
with the expectation that this project is to be continued fcr an indefi~izs
?eriod.

L9. Description and Explanation of Yajor !4aterials,Eauiomenc and
Subcontract Items:

In EY 1975, capital equipment funds of $20,000 is requested for a S00
channel analyzer and its associated hardware. The equipment is required co
bring our environmental monitoring facilities to the “state of the art.”

20. ?ro~osed gbl~gacions for Related ConStr~JCtiOn ProiectS:

Yone



sC2i2X-i :39

RW-C13-(a) YAV 1976

C. 3. Y!inhold
Concti.uing

From:

X. .+.Greenhouse
. 3.. ... Saidu
.+.?. :%11

9. ‘.f~n-’<ears.-

Transition
~irec~ yan-Years TY 1976 ?e~iod FY 1977 rn 1978

Scientific a professional 2.5 0.5 2.0 2.0
others 1.0 0.3 1.0 1.0
Guests & Research Collaborators --- --- --- ---

Total 3.5 0.8 3.0 3.0
‘7--w. .-.Jscs(13 Thousands oi 20ilarS’j:

Transition
Ti 1976 ?eriod 1? 1977 .? :97s

Xesearch COscs 140 30 140 150

Zqui?menc Obligations 30 10 15 10

. .- ..__ ._ .-.



Safec:? Studies and i)evelopnencD: C~erational Guidelines

14 ● Scooe:

A comprehe~sive and ccncinuing radiological safety program is rea.ui=ea
for she 3ikini and Enewecak ?eople w’nocesire to reinnab:t chei~ home acclls.
Tae program inciuaes analyses of extenal =auiation levels, soil and grcund
water contamination leveis, and radioaczivizy in Cerresczial and narixe bio:a
Wfiicnc~prise tie human food chain. From :hese data, both external and in-
:ernaL doses and dose commi”-xenzswi~l be made. In addition, projections of
futuze radiological conditions will ‘bepostulated :Z crder to Drovide appr~-
?riace guidance on ?rojec:ed land use and living ?atterns. Earlier dose as-
sessments wiLl be revised and ‘lpdacea,and costiet~ mcdels wiii be refined :0
r~i:ect actual trends as dece~’~ed----- iror.zhe monitoring program.

kcjec: personnel will provide a resource of expextise for establishment
cr ir.aepenaen:review of radiation protection programs associated with cleanup
and YenaoiLiEation efforzs ia the northern Ydrshall ~slands, and for rela~ed
ieal:h physics Lncerescs of :he I)ivisionof Cperacional Safety.

Field operations will be closely coupled ..-:h those of Brookhaven Medical
Survey in the Ya:snall Islands, and Radiological Safety Program personnel will
“Deof direcc assistance co the .Me.dicalSurvey whole body countiag acrivizies.
.inciLlaryenvironmental radiolo~ical assessments will be maae at Rongelap and
“-;-ik atolls on an alcernace year basis.----

a) Suneys will be ~acie:Z close conjunction w:tb the 3hT !-?edicalSurvey
Team. Assistance will be given to their effort. The annual survey would be
canductea during eheir visits :0 the ~slancis. b) Continued col.laboracionwith
che University of Washington, Laboratory far Radiation Ecology (LRE) is antic-
ipated on Division of Operational S&fzCy environmental programs in the ?acific
basin. c) Extensive use wi12 be zaae of ?riar survey data. Consultations
will be held with other parcicipacing agencies in developing the bases for the
survey requirements.

A major survey was conducted at Bikini and Eaeu Islands in February 197S
in response co Department of the :n.teriorrs request fox guidance on tilesicir.g
of the second inc=e=ent of housing constmction at Bikini. This survev ~e-
vealeciunacce?caole raaiaci.onlevels at -restof the proposed sites, s=ggested
alternaze sizes, and laid :hz Srountiworkfor a larger mulciagency sur*Jeyix

.,

(
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Con:inuacion of programs described in ~ 1977.

Caoical Eauiomeat Fiscal ‘fear1977:

Additional =enory and an x-y plotter ($9,000) for the Ge(Li) s?ec~r.cmeter
system is needed co inprove sampLe analyses and data processing caoabilicies
on Large n~.hers of environmental samples collected during fieid sur-~eys.

Peripheral elect=anics (S6,000) :OE a :hia intrinsic ger~anium decec:or
a?zay is Ztieded:0 ?racess soil samples for heavy elements.
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-BrookhavenNaticnal Laoorato~
Laboratory

RIZ-Znvi=onmental Research and ~eve~ccr.e?:

?rogram

1. Ccm:ractcr: CocEzac: XO.: Task Xo.:
Associated Universities, inc. EY-76-C-02-0016

? p=~<ec: T~.7e*. .-.-: ~~~ ye.:-
Surveillance of Facilities and Sites
.YarshallIslands Radiological Safety Prcgram

3. Buagec Activity No.: 4. Date ?regarec:
RK-ol-05-02-3
(600003)

Xay 1977

:
4. ~eckoa ai Repor:22c:

6. ‘u’orki~.gLaca:ian:
Annual Report CO Division of Cperazional
Safe=y, 3r00khaven ~aci~na~ Labora::r.;

Standards and Compliance (SSC),
4a_-~=4- yeetings and Jcar.alsXonzhlv ‘:ts~tsEa SSC, ScAb...--.b

7, ?erson in Charqe: 8. ?rajec: :erm:

Co 3. Xeinhold

?=incipai Investizacor: From:

N. A. Greenhouse (664-4250)
n :

s,---,Res.Assoc.(Ph.3 or Zquiv.)
?rof.

1.0 2.0
(3.S. or 5quivo)

2.0
0.5

1.9

sci. & ?~of. - Total
1.0 I.(I :.3

1.5 3.0 3.CIOthers 2.0
1.0 1.5 1.5 1.5Guests & Research Collaborators --- --- --- ---

Total 2.5 4.5 3.5

10. Costs (In Thousancs ai 2ollars):
Pres. 3u2.

=-Jla77..- n :979
Labor (including beneiits) 63 79
Mats.,Trav.,Dev.
Subcont. ,Spec’l. ?roc. 44 32

Reactor, Accel., and/or
Computer Usage o 0

tilocated Technical Serrices 2 1
Gea. & Mm. Overhead 31 38

Total Research Cost 140 150

Equipment Obligations 10 10

192

10

%“ :a-q..-

83

67

0
1.

60

211

~.
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Greenhouse, N. .%.,Levize, S. S., Kraner, 3. W. and !iaidu,;. ~. A zhia
in:=insic germanium detector array for direct counting of soil samples. ?=e-
sericec at :ne 21sc Annual Y.eetingof Zeaich ?hysics Sociecy, San ?zaaciscc,
California, June 1976.

(a) po~ ~orc Sw.arv: Eavi~o~encal and personnel nonizcrir.S?r03~ams
for the Yarshallese people living at 3ikiai, Rongelao and L’ti:ik.+ccl.lscm.st
conc*inueinaefi.ni:elyin crder :0 assess dose concriburions to these pecple
from che residuai radioactivity originally produced by L.S. nuclear wea?on$
tests in the Pacific. 3ecailed assessments of the co~tz%bucions of external
garmna radiation have been made over zhe past two years, but :’neidencificacion
of izcena~ exposure ~athwavs and determination of their radiological sL8nifi-.
cance are subjecc to many va=iables which will rea,ui=eenvirmmencal and diet
monitoring and bioassay ?rogxams for many years. The focal points oi the next
year’s efforts will be quantification of che average annual diet and izs radia-
nuclide content of each atoll; dete~iaa~ion of the significance of :~e inhala-
tion ?achway for ?iutonium and other radionuclic?esresusper.ded~=om local soils,
and establishment of urine excretion rates Sor plutonium, s:roncium 90 and
cesiun L37 for individuals i? possible, and :he averages ~or acai~ ?opulacions.

From these data, assessments of both extenal and internal doses and do%
coami+aencs will be made. In addition, projections of Suture =adiclogical co
ditions will be postulated in order to provide appropriate guidance on pro-
jected land use and living patterns. Earlier dose assessments will be revised
and updated, and dosimecry models will be re?ined to reflecc actual tre~ds as
decefminea from the nonscoring program.

Project personnel will provide a resource of expertise for establishment
of independent review of =adiacion oroceccion programs associaceci With Cleanu?.
and renabilicacion efforts in the northern !@rshall Islands, and for yeiated
health physics iace=escs of the Division Of safe~y, stan~ards antiCompliance.

15● RelacionshiD so Other ?rolects:

a. Field sumeys will be made in close conjunction with those of the
3NL Medical Sumey Team, and assistance will be given co their efiorts.

b. Continued collaboration with the University of Washington, Laboratory
for R.adiacion Ecology is anticipated in SSC-sponsored envirosxnenralprograms
in the ?adific Basin.

16. Technical ?roaress in ~ :977:

Durin3 a field trip in September-October 1976, visits co Wotje, Ailuk,
Utirik, Rongelap,and Bikini pravided opportunities co collect urine sampies

(’

(See Continuation Sheet)
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—

~epresen:ative of ccaczinazeti and ~ncontaminaced i~cations ia the regian as
?azz of a piu~onium excrszion study. Definitive measurements of excernai ex-
posure cates were made a: !Jtiz’.k and Rongelap, and she incraencal exposure
races ~=om 3ravo fallcuc vere deterzinea for ‘&e .Jilla~eislands and several
others at “tiese atoils.

AnaLyses of environmental samples collected from past suneys are nearly
ca~pletec, and repo=ts of zhe results are in progress.

Installations ci air sampling scacions will be completed at KwajaLein,
-..
2.--..-, Xzn;eLs?,snd :t;z<k:.,:-< and initial results of air monitoring and incen-
iifiet urir.e‘~:oassay?rosya=s are expected.

CZ9G? suzvey suppor~ will be provided for a planned interagency sponsored
aerial :acioi-fi.=ical su=Jey of all previously unsurveyed atolls in the northern
!?arshallIs~?9is zbici xa~ have received local fallout f=om ~,.$.a~sp~er~c
nuclear :SSCS.

Ccnri7.ua:icy.c? ?r~grans described for Tl 1977 and 1978.

?erigneral electronics (S10,000)for the Safety and Environmental Rotec-
3ivision analytical laboratory is needed to process the increasing loadzion

0? environmental samples collected on field surveys.

A supplemental budget request was made for ?Y 1977 co initiate the air

monitoring and expanded urine bioassay program for plutonium. It will be nec-
essay to extend che contracted peak load analyses oi these samples into .Tf1978
because of she Lengzky sec up and processing t~imesfor amounts of radioac:ivi:~
which are below-conventional limits of detec:ion. hticipated cost is S1O,OOO.

Cauital Eauipment, TY 1979:

?e=iDheral elect=onlcs equip~nt ($s,000) iS needed tO provide depth in.
the Safety and hvi~onmental ?rocection Division analytical laboratory to han-
dle peak loads of envi=o~ental s~ples which Gust otherwise be subcontzac:ed
to a commercial laboratory.

(See Cancinuation Sheet)
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.~soc~aced hiwrsici~s, kc. 5i-76-C-02-CO16

3. 3udaec Activitv No.: 4. 2ate ?reparaa:

GIK-OL-01-52-3-(a) Y!!rch1978
(600003)

j. Yechoa of ~e~orcinz: Q. !<orkiazLacac23n:

7. ?ersm Xt Garze: 3. zro<~c~ “a-.-----

C. 3. Xei7k.oLi Contiauiag

rrom:

X. A. Greenhouse (664-4250)

~aws~n-’<~ars:9. --- Pres.3ud. ?.ev.~e~.
P :978 n ~979 .? 1?79 .- :;8;?7

Direct Pe=sou-Years
--

Scieaciiic & Professional 2.0 3.3 3,9 3.3
Others 2.5 2.0 4.0 4.0
Guests i Zesearch Collaborators --- --- --- ---

Total 4:.< 5.0 7.0 :.)

iiesearcn CostS

?~tal Xes.earthCbiisacians

lso 2L1 400 42!)

L9S “ 21’3 369



-.-.. Sugses:ions based cn iield experience to micigace doses
via che sore critical ?achvays.

+. A flexible resource Ji radiological expertise co i~deoe~denc~y
review radiation prccecsion ?ragrams associated with zehabiLi-

.-
tacion e::arcs in the r!!rzhen ..‘.farshalls,and for related iealzi
~hysics iacsr%scs of 2ES iz the ?aci?ic 3asis.

7-, Crine bioassay to deftxe radionuclide excrecion ?atzerns
90Sr and czansuranicSrom individuals, and to escimace

auclide burdens.

(See Concinuacian Sheet)
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4. Continued collaboration with LW/L.W on OES radiological
programs.

This program will be LoqiscicalZy caoLed wherever possible ca che 3XL
Yedical ?rogram in :he Xarshall lslandg, TechnicaL co~laooracion will con-
cinue on mac:ers oi =tual interest. The radiological safety program will also
bear directly on a =et=aspec:ive reassessment oi :hyroid and whols bod:~doses
:J the 3R+V0 fallout victims ac Ron3elap and Utirik, a new program ~or whici
fundbg is expeczed LO ?Y 1978. The program will also interact cooperatively
wizh reLated ef~arzs ac the Lniversi:y of Kashiagcon (L.=) and ac Lawrence
Livenm3re Laooracory.

..- . .. .. __ —..

4Jt”/17



Cancinuation oi pro~rams described in t? 1979.
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-r: .--.,C--- -- -,, -- ...
--. .~-x.._.i. ..-:.,:-----.

Associaczd Ihiversities, inc. 5<--5-C-O2-OO15

3* 9uazet Acciv%zv !io.: 4. Data ?rzqarec!:

Gii-01-01-52-3-(b)
(600150)

Msrch L978

Annual ?.e?orcco givision OS
3iomedical i Eavizame~caL 3esearc5 Brcokhaven ![acicnalLaboracsry

.

Pr’~cipal kvestigator:

“ R. Yaidu4. (664-4210)
X. A. Greenhouse (664-4250)

From: To :

project Co 5e Lnictaced ~nd
terdaatzd in V 1979

9. ?ezsari-”[sars: E’yes.3ud. Rev.Req.
~ L978 ?Y L979 = 1979 > ‘:S(T

3irect ?erscm-Years
- -

Scientific & Processional --- --- 0:.- ---
others --- --- --- ---

Guests & 3eseazck Co12aboracars --- --- --- ---

Totd --- --- ~.5 .-.

Research Costs

Total Xesearch 0b12gac~ons

o o
.

0

25

25

‘)

o

Equipment Obligations o 0 0 9
..-*. 3eacc3r iance~t: 12. Yateri3is: (

4k”lM7

- --- _ _- --- .-. . _____ _ --- -- .—- -- .--— -... ------ ..__ ._ ._. - ----- .



Xone

i4 Sccoe:

(a) 200 ‘Jord SLEXMFJ: Incidence of :hyyaicj ~gdu~es, ~e~i3~ ac~ ~a~:3
nanc, in the exposed ?opulacions oi Ycirik and Ron3elap havz Lndi:acsd cricicai
differences in cocesoondezce between noauLe incidence a~d :nyroii dose fsr
che r~o populatiorts. The esciaated external dose received fvan che :ize iail-
out began ED che c-iae.oi evacuation shows that :ie 3ongelap ?oouia~isn z2-
ceived an external dose ( L75 rads) which was about chir:een tines zhac iar
the Utirik population (i4 rads), and the thyroid dose was about ten ci=.es
Larger, whereas the incidence of thyroid nodules in the cvo ?opulacians wera
noc si3nficancly diiferenc.

A preli~inar] study has icaicaced chat :he cri:ical area C2 izves:~3at~Gn
that could shed Li3ht is the ~eriod duri~~ fallout and evac*~acionfar boci :?.e
islands. In addi:ion, the iacc that the ~tiriIA?O?ulaticn ~ecJned -~i~’~~a~~c
days folicwia3 evacuaci;a, whereas zhe Xofi3elappooulacion reca=.ec oniy ai:sr
zhree ;rears,=ea’uiresthat we LOO”Kclcsely ac :he ctL=& ~o~uia~ion i= :e=-s J:
a longer exposure peziad, both iacep-al and exte~aL@ Further studies would,
thereioee, have co concsnc=ate an the re-examinacian of all availab~e data in.’
reports issued by various a3encies durin3 that ?erioa, consulzacicns wi:ti sci-

1 encific ?ersonnel iavolved at chac time, idenci2yin3 the areas of ~urfcey~ainc:t,
and usiag apprapriaca c~mputer programs to analyze the data. The end YesuLc
will enable us to iook for correlations between che incidence of ziyraid
nodules and the reassessed dose estimates.

(a) This study wilL help establish dose esciaates %arn tie :ime o: :he
:nciient to the preseac, and will cOmpLenenc the aer=a~ su=JeY, ~cr exce-=.a~
radiation neasuremencs, over these islanas, which is scheduled soon. Togezker
they should present a reliaoLs ?icmre of doses recei.;edhy zSe ?opulacians
and also enable dose asti~css ca be ?rojecced iaco che future.

L6. Technical ?roqress in .? :979:

Relininaq~ Literature search and consultations with Dr. C. A. Sonahaus,
University of Califonia, have beerlcompleced. This has rzsuiied k cefisia~
areas of uncertaint:~i~ iniormacion and establishing the procedural steps :hac
should be car=ied auc cowarcs siucidacing this pr~olen. ?ra%~ess is being made

______ . _ . - -- - -..-..—..--— —.. - .-.——.— .—- .-.-———— -- —- — — - .——
A



.

acd .-.:+.::<
-.. -:<.--.X-21-2:.ti-.

The literature search, comsuLcacions and zhe anaiysis of ~a~a wi~~ ie
complecea, and will Lead ca comprehensive discussions and fixal dose assess-
aencs ior both che isLands. :?.esecesults will be ‘usedco cesc :he hy?ociesi.s
chac radiation effects can be translated into meaningful dose estimates. The
?raSzosis of the X 1978 sctidyshould also pe~ic validation of che noaels
used in arriving at cne dose eschnates i~ terns of ?resenc aay exposures.

‘cl..6 ?roposed Obligations for Related Ccmscmccion ?yajaccs:

Yone.

4&g-d% -
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Associated Universities, Inc.

Sur~eiUancs of ?aciilties and 3Ltes--S~,.f.ff~y

$’‘-

..

See sub-ac:~v~:ies

See SUn-ac:iv=:ies

-- ,*W.

9. ?erson--lears: ?res.3uc. ~.av.?.eq,
H L978 ~ ~979 ?Y 1979 -- ~ggo?r

Sci.,Res.Assoc. (Ph.D. or Equlv.) 1.0 1.0
?rof. (3.S. or Eauiv.)

1.5 ‘3-.
1 fl ? n 7Q ? 7

Sci. & ?rai. - Total 2.0 3.0 ~ej
Others

3.3
2.5 2.0

,m4.0 ~.J
Guests S Research Collaborators --- —- -— ---

-
ToCal L.2 5.0 T-J.J 7.J

Subceat. , Sqec’1 PYOC. 6 32 135 i15
3eaccor, Accel., and/or

Ccmputer Usage o 0 ~ o
.UJocated Technical Services 1 ? ? 5
Gan. S Adm. Overhead

Total 3esearch Cost

. -–——.— .. —___ _.._ .——-—— .,— —-. .. .. . . . . . . . . .. . ... .,-, ___ ---- -



sptu~qy-----

SuD-ac:i.Ji::?

GK-OL-01-52-3-(a)

GK-1)1-01-52-3-(’D)

——. . ..

(See Cmc2mat:m Sheet)
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i3rookhaven

Associated Universities, Inc. EY-76-C-02-0016

“ Project Title: 189 !;0.:-e

External Radiation Yeasureneacs and #

“Ground Truth” for !JorEhern !?arsnall
Islands Regional Radiological Survey

3. Budqec Activity !{o.: 4. Date F’re9arza:

G1l-01-~01-52-3 X3y 1973

Written Report co D.O.E.S. Brookhaven National Laboratory

7. Person in Charge: 8. ?rolect Ye=:

C. 3. Yeinhold

Principal Investigator:
From: To:

N. .4.Greenhouse (664-4250) 3/73 :~~3~/7~

9. Person-Years: Pres.Bud. Rev. 2ea.
FY 1978 m 1979 ~ ~979 W 1980

Sci.,Res.Assoc.(Ph.D. or Equiv.) ‘~ --- --- ---

Pzof. (3.S. or Equiv.) --- 0.5 ---

Sci. & Prof. - Total * —- LI.j ---

Others —- —- —- ---

Guests & Research Collaborators —- --- —- ---

Tocd. 0.5 — --- ~ ---

10. Costs (In Thousands of Dollars): Pres.3ud. gev.Xeq.
E-f1978 FY 1979 ,m ?.979 ~ ~ggo

Labor {including beneiits) - 0 Lt J

Yats., Trav., Dev.

Subconc., Spec’L %oc. 7 0 12 c

Reactor, Accel., aria/or

Computer Usage o 0 0 0

.Ul,ocatedTechnical Senices o 0 0 0

Gsn. & Mm. Overhead 6 11 0

Total Research Cost 23 + -0 d

Total Research Obligations o 0

Equipment 0bli3ac:ons o 0 0 )
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Greenhouse,
Xarshall Islands
50795 in press.

Greenhouse,
dose predictions
3NL Xeport 50797

Y.A. and ?filtenber3er,3.?. RAi3109ic31 analyses 2:
environmental samples from 1974 through i976. 3NL F.e?orz

.
Y.A. and !-llltenberger,R.?, ~xternal radiation sur~~~yand
ior Rongelap, L7tirik,Rongerik, Ailuk, and Xat;e Atoil.s,
in press.

:4. Scope:

i’
(a) 200 ‘JordSummaTJ: A comprehensive external radiation survey ?rogram

“Jillbe conaucced on eac’nof the approximately 13 atolls or islands in the
Northern Xarshall Islands ‘~hichcould have received tropospheric fal~out from
:.S. nuclear weapons cescs in the ?acific. The suneys will provide “ground
truth” data on ambient externai gamma radiation leveis on-island. This data
will be used as the basis for calibration and normalizacim of aerial radio-
logical cionicoria35y Z.G.&G. Corporation. The program viii include aecailed
ex~arnal radiation measurements with pressurization chamber and scintillation
sdrvey instrunen~s, and in situ gamma spectrometry on all islands of inceresc.
Surface soil samples xiLL be collecced aridanalyzed for significant Samma
emi.:tersin order so make decay corrections for lang-cera dose ?redic:ions ‘~ia
cke excsrnal radiation exposure pathway.

3NL fi=ld trip staff and analytical lab facil~~~es ,Jill5e available for

other environmental sample collections and analyses as aeedetijy the over=ll
scientific program.

This program is directly related co our continuing environmental and per-
sonnel monitoring efforts under t;he3% Y!rshall Islands 3adioLo3L:ai Safety
?roqram. It will also interact cooperatively -Jithrelated ei~~rcs zc the

‘~lE) and Lawrence Livermore Laboratory.~Tniversit~ OF Washington ~--

,,
&a. Technical Progress in Z :973;

Personnel and analytical laboratory resources will be ~obi:ized in support
of this program. If the regional survey begins on schedule, the fi:st oi :he
three survey less should be completed by the ~nd oi Z 1978.

The remainizq ZYO survey legs wiil be csmplztzd, data analyzza, ana a

(See Continuation Sheet)

-.
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report of 3NT.activicie,sin support of this effor: will
sion in the overall ?roject re?ort.

be wri:ten for i2clIJ-

1

Project will be completed in F? 19?9.

I
1

Capitai Zuuipmenc, Tf 1979:

:(). ?rouosea Obligations far 3elaced Constr.~ccian?rojeccs:

Xone.

.
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.

Associated Universities, Inc. ZY-76-C432-0016

2. ?roiect Title: 189 XO.:

Special In-vivo Counting and Bioassay Pro3ram for
the Sikini People. Supplement to the 3X Yfrshall
Islands Radiological Safety Program.

: 3uaget Activitv No.: 4. Date ?repared:-.

CX-01-01-52-3 July L978

~et~od of Reportin%:2. 6. Xorking Location:

Xritten re?ort to D.O.E.S. 3rooknaven National Laborato~~ and
Y?rshall Islands

~. ?~~son h C5arSe: 8. ?roject Term:

C.3. !$&ianold Continuing
?r+incipalInvestigator: From: 8/01/78 ~0: 9/~(3/78

Y.A. Greenhouse

9. ?erson-Years: Pres.3ud. Xev.Bud.
FY 1978 FY 1979 H 1979 Tf 1980

Sci. ,Res.Assoc. (Ph.D. or Equiv.) _
—.

.— -— -—

Prof. (B.S. or Equiv.) . —. —- ---

Sci. & Prof. - Total
—.

—- -—

Others -— -— --- ---

Guests & Research Collaborators -— —- -— ---

Total ~ — — —--- -— -—

1~. Costs (In Thousands of Dollars): ?res.Bud. Rev.3ud.
~ 1978 T 1979 n 1979 H 1980

Labor (including benefits)
— .

0 0 0 0
Yats., Trav., Dev.

Subcoat., Specfl Proc. 20 0 0 0
Reactor, Accel., and/or

Computer Usage o 0 0 0
Allocated Technical Services o 0 0 0
Gen. S Ada. Overhead

Total Research Cost

Total Xesearch Obligations

o ~ .—. o f3
7 0 0 ,0

‘)0 o 0 0

0 0 0 0Equi?mect Obligations

.:. Xeaccor Csncegc: 12. }!aterials:



.’. -1.+.

Gree~house, X.A. and XiltenberZer, ?..?.Xadiolo3ical anaiyses of
?farshallIslands environmental samples from 197b chrou~n 1976. 3!TLReport
50796.

Gree~nouse, Y.A. and Xiltenberger, 3.?. External radiation survey ana
dose predictions for RongeLap, Utirik, Rongerik, Ai~uk, and ~otje .~colis.
5NL Report 50797.

L4. Scoue:

(a) 200 Word Summa~7: A special field trip will be made in August 1978
co do in-vivo counting and urine bioassay at Kwajalein Atoll on 20 to 30
3ikini residents before their anti.ci?atedexodus from 3ikfni ia late August.
Ia addition, a separate field trip party will proceed to Bikini to collect 24
hr urine samples from chose 3i’kiniresidents who cannot be accomoda~ed m the

charter fl’ght which will bring the in-vivo counting subjects to Kwajalein.

TSe rationale for this effort is as .%lLows:

(1) Accurate internal dosimetry for
137

Cs body burdens ia the
Bilciniansrequires an assessment of extant body burdens just
prior to the deparsure of the ?eople from 3ikini.

(2) There is evidence that both the short-term and long-term
comDart=ent 137CS clearance races from the Bikinians may differ
significantly from chose for the ICR.FVstandard man. Determina-
tion of these paraaeczrs is essential to the accurate assessment
of total dose commitments.

(3) During the past several years the Bikinians have become
apprehensive about potential health effects which they feel
might result from their having lived in the contaminated 3i’kini
environment. The personal attention that they will receive in
these personnel ~onicoring activities should hel? co alleviate
some of their fea’rs.

15. Relationship to ocher ?zojects: .

This program is directly reiatsd to our on-3oing environmental and per-
sonnel nonscoring effcrts under the 3X Yarshall Islands Radiological Safety
?roSram.

Assessrcentsof body burdens and clearance ?aramecers and the deceninacim.- ----- ---- .-. ---

(

(See Cancinuaziaa Sheet)
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Special In-vivo Cauntin~ and 3ioassay ?gogram
?eople.

far che 3i’kini
Supple3erit:0 che 3YL Yarshall Islands ?laaialagical

?~Oj~~: ~~:!e: Safecv ?r~eram.
16.

GK-ol-!)~-5~-3
Technical ?roerass in 1979: (Cone’d)

c?arzer fl:ghts
for in-vivo

2Jone.



I



,.

.

a.

a. I 1
:.

a.

1

I

I

I

. ..

I

I
I
I

I
i

I

I
I



~9a. Facilitv 3eaui=~ne~~s.

It is antici?at=d chat work for chfs proposal will use existing Labora-
:3?:7fac;:~-+---.-es and si~e ucilLzy se=~ceg.

:Sb. ?’J”blicat:3?.s.

Fiscal Yzar i?:?

Greenhouse, N. .4., ???ltenbarger, R. ?., and Cue, F. T.
External %tdiacionSu.mey and Jose ?rediccions foz Rsugalap, Utirti, Rongarik, .Md.ukand h-ocje

.:.::U5. 3NII50797, 2ecemher 1977.

Greezkouse, x. A., YWtenbergerj R. P., and Cue, R. T.
Radiological.halyses of Yars;til Islands Environmental Samples 1974-1976. BNL 50796,

Zeceznnez1377.

Fiscal Year 1979 - ~st ouar~er

.~~~tenberger,R. ?., Greenhouse, N. S.S -d c~? F. T.
Whole BodyCounttig 3esults for Inhabitants of che Northern Y?rshall Islands:

1974-1978.%ysics Jourad (subtissed).Sealth .

Y!t-berger, R. P., Greenhouse, N. A., Cue F T
and Lessard!2ietary:dioactivity Intake f=am 3ioaseay Data: .

&&T”
‘A Y!d~~ A?plied toIatake 3Y 3ikini Island Resideacs. Health Physics Journal (submitted).

Greenhouse, Y. ~. Follow-up Radiological Sumeillance, !?!rshall Islands.
?zese~ted a~ the 1978 Annual Yeet$n3

of the !ietith?hvsics Society,
‘!~neazo~is, Mnnesota, .i~e 1978.



:~d. 3ackzzcuric.

Three field trips were ccnduczed curi:g ?1979 ~or envi=o~~cal samplbg
and personnel monitoring.

TSe Sprding1977 whole ~y+; counti.ag zzi? :0 3ikiai demonscraced dramatic
and ‘use-~ectedticreases in .s 5ody 5urdeas wng the resider.cs. These
~bdings led co a 3epartneat of the Ince~ior dec+ ien to move the Bikini peopl.a

Ji: :hei= home atoll. me ~e=lfie ~ 13,~s “a
and Y Sr body 5urdens among the

3i2iaians al be aonitored iuring .?L979. A decafled disc and l:ving pactsm
study of residents of t;he>Iorz>-en%rs;lalls i3 s.~ecced :0 iaprove unaerstana-
=g of inte~l and excenal radiation &qosure ?ac~ways. %S study and
ssctites of radfonuclide e.yc=~cion races der<veti frcm follow-*Jppersonnel
monitoring on che Blkinians are expectsd co bprove ?redictive taodellingand
zecuce the probability of une~ecteti acc”uzrencessuch as ch.acaz 3i’kinilast
:.-ear.

“aphasis on personnel monitoring is =~ec:ac co canzizue zhzoush ~l~ao
and ?1981. Development at ultra-low level analytical capabilities :or :rans-
‘~ranicradionuclfdes and the astablishmencof corroborative~ioassay prag~ans
= cooperation with other Laboratories are expec:ed to clariiy and qu~.ti:ate
:Ow Level ?lutonLum and americium body burdens among the 3ikinLans and ?.onge-
lapes~. SimQar decednacinns anionsa !tars;hallsse cfxicrol?opulac:o~ are
sxpeczed co demonstrate aif?ersnces, i? an:?,jet%.eezthe zesidents of COaC--
Lxcsd at~lls and regional backgr~u.d.

(,

..-— .- .. .



-,
:

.-.

Systematic ?ersonnel and enviror~enttimnitoring ?rogz~s aze expected
tO be iaitiaced ac Ene*~etakin .? L9~0 antiPO be .Jel.

. .* established!Jy7Y 1981.

19g* F’~cureAccacmliskmencs.

T3ese s~~dies are e-xpec~edto provide a better understandingof the
radiological hpac: On ~n ~es~:ing

fzam habitation in an e=v=zoment ~2nc~-aatea with man-m~ae radioacttirenacerials.
They are further e.xpeccadto “provide a basis for corrective ac:ions where needed and to mintize through

better mderstandtig the ~earS Of the people iiv+~g ~ these areas.

19h. .leiacL3nskioco Otker ?Yo+scz3,

This program will function in cooperation with the B~ Xedical ?esearch
Pro~ram in the .YarshallIslands and .-L occasionally share the same logistical
support resources for field trips.

It -1 also function cooperativelywith
various ?aci~~; research ?rogrw ac :Se Lawrence Livemre 7Laborato~;

andespecial~y ‘tich?rogras to develop ?redicti~redose escimaces for ?resem and
future residents on cone-ted Lslands.

The 3LNLprogram ‘dll provide ret=o-spectlve dose iaformacion to aid in the development of prospective dose models
by LLL.

19i. Eaviranmencd Assessment.

‘~orkdone under this task proposal has either ao envi:o~~tal tipact or
has impacts similar to those desczibed in and covered by 3h’”s Envirom~cd
‘apact Stat2ment (E.RDA1540).

13j. Extlanacian of Y!Lsstznes.

Xoae

19k. Other.

!iOne
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1.9b. ?Uolicaiicms.

Xone

L9C. ?’Jmose.

To look for cor=eiacions iecwsen the incidence of thyroid nodules in she
inhabicancs af Iton~e:z? and 1-”..i:ik IsLands (Yirshall Islands) and che
reassesssc dose escimaces.

incide~ce of zhyrcia nodules, benign and maLignanc, in cbe exposed ?opu-
lacions Of Ctiri’k ana bngelap ;lasidicated :r=t~cal ~iffere~ces in cor~espon-
dence between noaulz incidence and chyrofd dose ~or the populations. The
esciaated external dose received from she time fallout began to the cirteof
evacuation shows that the Rongelap population received an external dose (175
~aas) =hich was abou: L3 :imes chat for the Utirik population (14 rads), and
:~e thYroid dcse was about 10 times larger, k-hereas che incidence of thyroid
aoau:as in che two popuiarions were not si~nifican~ly diffarenc.

A ?relimina~ study has iaaicaced that the c~itical area of fnvesci3ation
that could shed li~hc is the ?eriociduring the fallout and evacuation for bocn
the isb.nds. In aaditian, the ~act that the Utirik population returned within
L20 davs following ●vacuacion, whereas che Rongelap ?opulation returned only
after three years, requi=es chat ‘weLcok cLosely ac the Vtirik population in
terms OE a Icnger exposure period, both Laternal and .extenal. Further studies
“*-OUIJ,therefore, have EO concentrate cn che re-ex=inacion of all a*zal~aD~e
data -inreports issued by various agencies duriag Chat period, consultations
‘withscienciiic personnel involved ac that time, identifyi~3 che areas of un-
certainc7, and using appropriate compucer programs co analyze che data. The
●nd result will snaole us to look for correlationsbetween the Laciaence oi
t@roid noduies and che reassessed dose estiaaces.



,

?=e~iainarv ~i:eracure search and consultations‘tithDr. C.A. Sondhaus,.
Universic::ai California, has been completed. This has resulted in defining
araas of .:r,c~~~ai--.cy ia i~~o~acfon available and establishing tie procedural
s:s~s :hac should be carried ouc towards elucidating che probie=. AU avail-
i51~ data cm sxczrnal radiation measurements, raciio~uclfdeconcentracicms in
Sai:, water, vegecacisn, ani~l and iood ~temg have been col~aced.

l%cori:sax~~ss collected from Xongelap and Ctirik have been submitted far
.

A analysis.
z?rz>zezc Xeczozaio%ic d inforzaciun‘pertaini&g:0 :ie 3~J0 zest have been ~e-
searcfi.ec?and zhe i~f~~-tion provided co Lamence Livermore Labora:o~ so that
zr.s:~can so aheac vizsh:he compucar simulation of the transportationand depo-
s:zicn ai failauc.



The techniques and zxper~~se ae’~elopedin che course of t~is study cmld
be used :0 reassess doses to ?opulacion :3 ether ●reas subjected to exposure
::cml~allout or *vez occ’apacianal sit’Jaticms i.nzhe ?asc.

a. This sczdy will hel? zstablish dose escimcss fzm che ttie
c+tient co the present, and wili cmplenenc :he aerialof the h -

survey for external radiaton measurements, over these islands,
which has been completed. Together :hey should present a re-
liable ?icture of doses received by ~he populations and also
enabie dose escfzmces co be ?rojecteci into che future.

b. This study will be in ciose conjunctionwith the BNL Radio-
logical Safety Program in the Y..rshall ~slanas and with re-
Iaced programs of the NL !4edicaL gepartxenc. Conciaued
collaboration with the University of ‘~as’nington,Laboratory
Oi Xadiatian Ecology, and :he sa~~~~~e ?aclfic ~orthwest
Laboratory wi~ be naintaiaed in che area of sample analysis
and data inter?rscation.

i3i. Znvi:Jnmencai .I.esessmenc.

Work done under this task proposal has either ao environmental hpacc or
has i~pacts similar co those described in and covered by NL’s Znvi~anmental
Iapacc Statemeac (ERDA 1540).

!Jone

L3k. Other.

!Jone
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U.S06PARTMENTOF ENERGY

FIELD TASK PROPOSAL/AGREEMENT

I
15 WORK LC)CATICN/.k Inavvcrrmsi ,4UW of full,rv. C,rV,Stete,Z;.Cm 16 IItf!ns(J5E 17.Qoesrn,~.USKncldoe

lnciuaoaIn[M Cnv r?wnqcmcfi:

Inmtitutdonbg ?!*n? Dervla$ Of?a(:l’

~ ;:s c .f~~

GNo

la.TASK DESCRIPTIONlAOOtOUn, r#IatItw 10 dflc OU&ap, ,~ 200 ~tut ~t Ie=)

.4 comprehensiveradi~logfcal saietv program will 5e malncainea for :he
Lnhabi:ancs oi atolls in the Sorcnern !-!arsnall[sLands concaminaced as a result Iof
:he U.S. ?acific TeSCing programs. ~!~efollowing items and services will be p“ro-
:ided.

a. ?Qrgonnei monitoring and environmental sampling to provide data f~~ ~~L
Jose assessments and cetarninationoi radiological ~rends.

b. Individual and ?opulation c!osinetrybassd an actual measurements. The?
resulttq data will be used to modify dose commitment predictive models so that
zhey may nore accurately reflect Suture [reads,

c. Concinuac~on of diet and living pattern assessments to update relevant

parameters in Lang range predlccive dose efforts.

Program acclivities in the coming fiscal year will emphasize the foLlowLng:

a. In vivo counting and urine bioassay of Rongelap and Utirik residents to

ieternine dose commi:aencs from environmentally-deri,~ed radionucldies at these
3:011s, and to better understand excrecion kinetics among the !4arsnallese.

b. Followup personnelmonitoring ac Enewetak to evaluate any change in
radiomuclfde body burden associated with -.1year of residence on 5newetaic.+tall.

c. >.final determination of radionuclide body burdens among cke farmer re-

sidents of 3ikinL Atoll.
d. Continuation of analyses of transuranic nuclide excretiiinrates among

‘;orchern:!arshall Islands residents,and of transuranicsand ffssion and acsiva[ion
produces among Yarsnallese control groups who reside outside oi che i3110uc area.
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. .-lJcl. ?ublicati~ns.

Greenhouse, Y.A. Dosimetry !4ethodsand Results for tne Former ResiiiencsJr
3ikini .itall,BNL 26797, November 1979.

!4iltenberger, R.P., Greenhouse, N.A., Lessard, E.T. Whole ~oay Counting
?..asulcsFor Inhabitants of che :JorthernMarshall Islands: 1974-1978, Health
?hysics, in press.

Yiltenberger, R.?., Lessard, Z.T., Greenhouse, Y.A. Dietary Radioactivity
~ncake ?zQtn3ioassay 3aca: .4Yodel .Ipplied co 137CS Intake by Bikini Island
..
:.*:.:sats, Health Physics, i.~press,

The primary ?urpose af this program is to aeasure and evaluate the internal
lnd external doses co people ii,~ingon those islands In che ?iarshalls group ‘which
~ere impacced by tropospheric fallout from United States atmospheric nuclear tests
La the Pacific. Its objectives are:

a.
Joses and

b.
the total

c.

Direct or Ldirecc aeasuremenc of radionucLide body burtens and :esultanc
dose commitments.

~easurement of ~xcernal radiaclon environmen~s and their contributions to
doses co individuals and island populations.

..

Evaluation of dietary habits and living paccerns insofar as they relate-.
co the ~lucidatiortof exposure pathways and the determination of doses.

..-.d. 3ack~round.

This program was f~itLat*d in 197i at the request of the AEC (DOS) in anti-
:ipacion oi potential zadiaclon exposures co :he returning Bikini population.

LGe. Approach.

Internal and external doses will be rnea.suredand evaluted using aecepced and
.~?-co-datehealth physics practices.
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TITLE I

, 8uGGETANO REPCRTINGCGOE : OME PRE?AREO

Dietary and li’~ingpattern ir.formationwill be derived from direct observa-
tions of Lsland residents, and from standardized inc+rviews ‘withisland residents
:uring prograamacic field t:ips.

:YanagemenCControls

Fiscal control dill ‘Deexercised in the form oi monthly comparisons, over :b,e
cask term, of accual costs incurred against corresponding line items of che budget.
Tecnnical results shall be monitored through a periodic cevi.ew,by the Contractor
Task Mnager, of accotnplishmencs by measuring actual performance as compared CO ex-
?ecced pro~ress. .\llwork shall be c~nducced in conformance with generally ac-
cepted standards for R&3 and ocher investigative or ~nalycic procedures, as ob-
ser’)edby universities and Large ind~pendent researc~ facilities lncludl~.g
3rookhaven !JacionalLaboratory (BNL).

Technical ?roqress f~ 9Y-3 (FY 1979),

External and inte~l dose equivalents received during residency on 3Lkini
Zsland and internal dose equivalents CO be received post residency were evaluated
~Jr former Bikini residents. Bioassay results from samples colleccsd in January
~nd !?av1979 and prior bioassay results were used to conscrucc individual
‘OSr-90Y body burden histories. Whole body councing results during 1979 and
results obtained in prior years were used co establish 13iCs - ‘37m3a in-
dividual body burden histories. Daily activity ingestion rates were calcul~ced
from the body burden data. Uptake regimes which best fit the actl,vityingestion
rate data were; conscanc continuous uptake for 90Sr and scepwlse increasing up-
:ake for 137CS. Dosiaecric models which described the uptake scenario were de-
rived and individualdosinetric results for persons residing on Bikini Island some-
zise during the years 1969 and 1978 were determined. In addition, doses due co
residual radfoaccivicy in persons after departure from 3i’~iniwere calculated. In-
iiv~dual body burdens, urine actlvi:y concentrations and dose equivalents have been
:zcorded or stored in a compucer data base. Publications and reports describing
zaslmetric methods and results, whole body counting results and biological removal
rate constants for BlklnLans have been written.

~oucine personnel monitoring was provided for Xangelap and Ctlrik residents.
.istatistical analysis was performed t=odetermine the minimum sample size needed CO
establish che mean 137CS body burden ac the 90% confidence level. Yale and fe-
male adult, adolescenceand chfLd cace30ries were counted at each atoll and many
~ersons uho parcicfpated in prior whole body counting visits were recounced. In
addition, urine bioassay samples were collected from adult and adolescent popula-
tion groups. Body burden histories and doslmetrlc results have been completed for
half the resfdent populations for’years following rahabitacion of che atolls.



Data collection on types and ~mouncs of food consumed by the !iarshailesewas
done by accualiy Living ‘withthem. Simultaneous ~~ser’~acionson their living ?at-
cerns were 31s0 made. These studies dere part Jf zhe ?Ior:hern
Laclological Survey (L3-Atoll Survey)

Expected Progress in BY-2 (FY 1980’).

9aseiine radiowclfde body burdens JL:L be evaluated for

Xarshallese Islands

the recurfifngZn-
ewecak population. Z’/aluationof the pos: residence decline Oi body burdens among
focner 3i!cfniresidents ‘Jii~continue. The data base on dietary habits and Living
patterns will be updated far all reievanc a:olls and/or islands.

Ex’oeccedProgress in 3Y-I (FY L981).

Personnel monfcoring and related demographic assessmemc activities ‘Jillccn-
:inue ac ?ongelap, Uciri’k,Srsvetaicand other areas of interest co DOE. !40nicor-
ing of former 9i1kiniresidec:.‘willbe phased OUK unless cfrcumscances diccace
]Cherwtse.

Expected Progress in BY (FY 1982).

Personnel zonitorizg and related demographic assessment activities will con-
~inue in all areas of interest f.nthe Xarshall Islands.

2ogo Future .4CCOmDlfSh~enCS,

A running account will be maintained of individual and population dosimetric
i~formation for the residents of islands affected by the Pacific Testing ?rograms.
These data will provide an empirical basis for improving che accuracy and value of
Lang-range predictive dose assessments from man-nade radionuclides Ln the environ-
ment.

:Oh. Relationship co Ocher Projects.

This program operates and interacts directly with the Brookhaven ?edical Pro-
gram in che Xarshall Islands, and provides conteaporydata to be factored into che
Retrospective Dose Reassessments for Rongelap and Uci.rik(and ocher islands af-
Yected by weapons test Eallouc). 1: also provides smpirical bases for upgrading
~~ng ran~e predictive dose modell.ingactivites such as chose oi the Lawrence
Livermore Laboratory. Coordination of this program with related programs within
23E dnd lcs concraccors will be accomplished chroush timely exchan~e of program
fi~dfngs and relatsd information.

:ji. ~nvirontnencal.Assessmenc.

‘L”orkdone up.derL~iS C3S’L pr~posal t~aseither no environmental iapacc or b.as

iaoacts si.nilarco chose descrfbed in and covered by 3NL1s Envlronmencal impact
Scace.aenc(Z.RD.A1540).
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:laLiu, J.R. (666-4263)
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It is anticipated that “work for this proposal will use existing Laboratory
facilities and slce utility serviies.

. ,,
-. b. ?ublicacions.

Data generated in this study has been used in ocher reports,

:-c. ?uruose.

To Look for correlations between the incidence of thyrofd nodules in C:.e
<xhabicancs of Ron~el,ap and Vtlrik Islands (Xarshall Islands) and the reassess~d
iase estimates.

This srudy will fuse together all available information on fallou: fran tb.e
~&\VO test and using advanced analytical techniques (now available) deri~fereal-
:stic dose estimates co the Lnhablcants of RongeLap and Utirik. The resul:s s’no~ld
.rovlde information towards assessment of the risk coefficfen[s for radiaCion-
:w!uced Khyroid disease.

ljd. Background.

Incidence of thyroid noauies, benign and malignant, fn the exposed ?opuLi-

::ans of Utirik and Rongelap has Isdicated critical differences in csrrespona-
=Cce between nodule incidence and thyr~id dose for the populations. Zhe estiaac-
ed external dose received from the time fallout besan to the ciae of evacuacfuri
snows chat the Rongelap population received an external dose (175 rads) which xas
aaouc L3 times that for the Utirik population (14 rads), and the thyroid dose gas
:oout LO times larger, ‘whereas the lncidences of thyroid nodules in the :-JOpopula-
:~ans were not significantly dfffsrent.

A ?relimlnary study has indicated that the cricical area of investigation is
z~e period starting from che beginning of fallout to the completion of evacua-
:Lon for both che islands. In addition, the fact that the Utirik population re-
c!urnedwithin 220 days folloving evacuation, whereas che Rongelap ?opulacion re-
:urned only after three years, requires that we look closely at the Utirik popula-
Clan Ln terms of a lon~er exposura period, both internal and external. Further
studies would, therefore, have to concentrate on che Ye-examination of all avail-
+ole data In reports fssued ~y ~arious age~cies during chat period, consulcaciocs
~l~b.scientific personnel invol:ed at chat time, ide~cifving the areas of uncer-

=~~:Y3 and using appropriat~ c~mpucer programs to analyze :he data. ‘Theend
:2SC:E YiLl enable us to look :cr correla:’.ons between the incidence of :hyroid
-.cd,:iesand the reassessed dose estimates.
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The study VI1l comprise:

a. Literature search for all available da~a concerning the 3KAV0 test, such
as, meteorological conditions and radlacion measurements. D~scussi,onswith scien-
tific and technical personnei involved in the BMVO test.

b. IJseof historic samples and teeth samples to determine 1291, 9osr,
and ~39v 24g?u concentraclons to derive concentrations oi ocher radionucldies.
~n addition, excised thyroid glands from exposed ?iarshallesewill be analyzed ior
1291 and ’97< and data so generated will be used to estfmace the concentrations
of short lived Iodine isotopes.

c. Diet and Life style studies to provide informacfon for dose assessment,

d. Computer slaulatlon of the BQVO test fallout to determine the transport
and deposition of radionuclides.

?fanagementConcr91s

Fiscal control will be exercised in ~he form oi aonthly comparisons, over che
cask term, of actual costs incurred against corresponding line items of the budget.
Technical results shall be monitored through a periodic review, by the Contractor
Task Manager, of accomplishments by measuring accual performance as compared to ex-
pected progress. ALL work shall be conducted Ln conformance with generally ac-
ceoced standards for R&D and other investigative Or analytic procedures, as o“bserv-
ed by universities .a~dlarge independent research facilities including Brookhaven
National Laboratory (BNL). .

.flf ~ech?.ical PrOgreSS.-.4..

Technical Progress in BY-3 (FY 1979).
,

A prelimi~ry literature search and consultations with Dr. C.A. Sondhaus,
University of California, have been completed. This has resulted In defining areas
of uncertainty in information available and establishing the procedural steps that
s“nouldbe carried out co reaggess Ehe doge esti~tes. All available data on ex-
zer~.alradiarion measurements, radionuclide concentrations in soil, water, vegeca-
:ion, animal and food items have been collated. Hlscoric samples collected from
Xongelap and Utirik have been submitted far ~2gI analysis. Pertinent meceoro-
Iagical data pertaining to the BRAVO test has been researched and the information
supplied to Lawrence Livernore Laboratory so that they can go ahead with the com-
?urer simulation of fallout transportation and deposition.

The 129I dezsrminatlonsof the soil samples have been completed for those
hisc~ric samples :hac ‘wereavailable.

997
Soresof these samples will also be analyzed

for -c. In addition, ‘.ieare expl.ocing the ?ossibilltv of analyzin3 ‘“Bikini-
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ash’-[he fall~uc naterial chat settled on the Japanese fishing vessel. These
samples should provide the nose accurate ch.araccerizationof the fallout. Prelim-
:Mry compucer siaulacions ai fallout transportation and deposition have been com-
pleced, Data analysis of t?,erecenc’diet and life style study has been compleced.
Discussion with scienclscs and technical people uho were involved with [he BRAVO
:~st LS being con~ifiued. Anal:/slsof the Xarshallese teeth samples for Pu isotopes
:s in pro3ress.

ExDected ?roqress in 3Y-2 (FY 1980).

A final report on the diet and life style for the Xarshallese will be com-
?leced. The compucer simlacion of fallout will also be completed. Thyroid glands
:rom the exposed ?larshallese will be analyzed for 99Tc and 1-91. Analysis of
:he ““Bikini-ash”UI~l be done as soon as we gec an aliauot of the sample. ~~ is
also expecced that data on the exposed Japanese fishermen will be made available at
:hac tine. ?relfml.naryanalysis of che data generated so far will be made usi~g
?:<~scingmodels. The results will be extrapolated co present times so as to test
:’hevalidlcy of the moceis lused.

Exsec:ed ?rogress in 3Y-1 (L981).

Final dose estimates to che exposed inhabitants of Utirik and Rongelap snouid
>e completed. The methodology developed will be extended to L:kiap and ocher
islands which were on the ““fringe”of the fallout pattern.

2og. Future Accomplishments,

The techniques and expercis; developed in the course of this study could be
used CO reassess doses to population fn other areas subjected to exposure from
iallouc or even those resulting from occupational situations in the past.

20h. Relationship to Other Projects.

a. This study will help establish dose escimstes from the time of the inci-
dent to the present, and will complement che aerial survey for external radiation
neasuremencs, over these islands, which has been completed. Together they should
present a reliable picture of doses received by che populations and also enable
dose estimates to be projected into the future,

b. This study GII1l be in close conjunction with the BNL Radiological Safety
Program in the Marshall Islands (HA-02-01-02-0) and with related programs of the
3NL }ledicalDepartment (M-02-”3L-01-0). C~ncinued collaboration with the L7niver-
SiCy of Washington, Laboratory of !ladiacionEcology, and the Bactelle Pacific
:;orcnwescLaboratory will be maintained in the area of sample analysis and data
Lnc*rpreca:ion.
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:J1. Znvlronmental .Assessment.

‘Work done under this cask proposal ;haseither no envlro~encal fCIpactor has
impacts similar KO chose described in and covered by BNL’s Environmental Impac:
Statement (ERDA 1540).

20J. ExDlanac~on of Milestones. -

None

201. Otner.
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Lessard, E.T. Race constancs Eor biological elfaination of 5t:c:.cim and
~esium in the :-brshallesepopulation. Presented at :he 25th Annual Confzrezce on
3ioassay, Analycicd and Zwironmental Quality, Las ‘iegas,Xevada, Oetoberp 1379.

Lessari, S.T. hdy burden xeasureaents as detetmi~ed fram whoLs 3od:~
:~unti~s and Iurixe>faassay. ?resented a: :~e m~h .&qnualCanfsrencs cr.3i3as.3aV,
.izal;lticaland ?avisomert:al Quality, Las ‘Te~as,Yevada, 3ccobec, ‘L979.

:. l?’.x?ose.

~. aeasueement of :he exteraal radiation ●rvrironaent,



c. ?.:r3cs*Cane.
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3“ Future .Ic:omulishnlencs.

-. ZnvironaentaiAssessaenc.
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Marshall Islands Xadiolo%ical Safety Program
and itaagelap/7tiri!c 30S3 Reassessment ?roject

- A Historical Synopsis

?reiace

From the mid.1940fs to L958, the United States conducted its’ high-yield

nuci+ar weapons tests at 3ikini and Enewetdk Atolls in the tropical ?aciflc..

These remote groups of small islands lie about 2,500 miles southwest of

~lawaii,and are part of the ‘Iarshall Islands District of Mcronesfa. .itthat

tiae, aost of ~licronesiawas the political ward of the United States which

ac~ed as trustse under a United Nations mandate establishing the Trust Ter-

ritory of the Pacific

this region, known as

Fr:s .issocia:ionvit~

Islands (?licronesia)after World War II. Currently,

the ‘-farshallIslands, intends to enter into a Compact of

the United States.

The largest ‘of the ~uclear tests was the ‘“BRAVO”event which took place

at 3ikini .4tolLon !farchL, 1954. Radioactive fallout from this detonation

was :arried eastward by prevailing winds, and resulted ia radiation exposures

to Marshallese people living at Rongelap and LJtirfkAtolls a few hundred miles

away. The exposed population of these atolls plus a comparison population are

fr~quently examined by Brookhaven National Laboratory !ledicalpersonnel to de-

tect and care for long-te~ health effects due to their exposure to radiation

from the weapons testing program.

In addition to the high-level radiation exposures to the Rongelap and

~JtirflKpeople, the nuclear tests also left a legacy of environmental radio-

activity which, because of its lower level, is not expected to cause adverse

health effects. Xowever, residual radioactivity in the environment will

contribute radiation exposures above natural background levels to people

living in these area.



‘n 1968, President .Johnsonauthorized the return of 3i.!cini\toll :0 ::s-.

~ri:iqal inhabitants, ~ost af whom were living on Kili Island about 500 ailes

to :he south of Bikini Atoll. A similar authorization was given for :he 5n-

ewe:ak people who had been loved to Ujelang prior ts t:. :esting at their home

atoll. Because of the residual radioactivity at 3ikini and Znewetak, en-

vironmental monitoring program were established to assure the people that the

10(J-7.evel radiation exposur3s (which residents would receive from Living in

these ?laces) remain wit5in acceptable limits. The dose-equivalent limits are

those recommended by the International Commission on Radiological Protection

(ICI?) Eor people not occupationally exposed to radiation.

The ‘J.S.Department of Znergy had assumed t’-ieold .4tomicEnergy Com-

mis=ionrs commitment to provide continuing followup for the raedical and en-

vironmental problems caused by the Pacific testing programs. 3eginni3g in

:iarcfi195L to the ?resent, the Srookhaven medical team has provided medical

care and radiation protection guidance to the exposed population. They

studied internal radioactivity levels through radiochemical analysis of urine

and blood and through whole-body counting. Since the logistical support for

3rockhaven medical team visits to Rongelap and Lltirikhad been established, it

seemed reasonable to have the environmental and radiological safety assess-

ments done by the Safety and Environmental Protection Division of Brookhaven

National Laboratory as well.

The Safety and Environmental Protection I)ivisionundertook environ-

mental measurements for radioactivity as early as 1974. In 1979, whole-body

counting and radiocheaical analysis of biological samples were transferred

from the ~{edical 9epartment to this division. .4t present, the program

2



invoi’)es uo to 3 field trips a ~~earto the :Jortherx;Iars’nails.!!easuranents

are zade of external and in vivo radiation Levels. Samples are collected For

I,jbjratoryanalysis at Brookhaven !JationalLaboratory to assess the radioac-

tive content in soil, food products and humans. A major component of the

Ei.?l.iwork involves having representative individuals monitored for radio-

activity content in their bodies. The following is a brief description of the

Safety and Environmental Protection Division’s programs in the !Iarshall

Isiands star:ing from 1974 and covering current activities.

FY 1974

~legotiationsbetween the Division of Operational Safety of the old

Atonic Energy Commission (.4ECDOS)and the old Health ?hysics and Safety Divi-

sion of Brookhaven National Laboratory (BNLH?S) resulted in a proposal submis-

sion to begin the Harshall Islands Radiological Safety ?rogram (MIRSP). Law-

rence Livermore Laboratory (LLL) had and still has a parallel program, Mar-

shall Islands Radioecology, which concentrates on Enewetak and Bikini Atolls.

An orientation field trip was arranged for Greenhouse and Ash of BNLHPS.

They accompanied the BNL Xedical Department’s spring medical survey to IJtirik,

Rongelap and Bikini, in April 1974. Nelson, of the University of Washington’s

Laboratory of Radiation Ecology (UWLRE) also participated in this field trip.

Plans were made to collaborate with UWLRS in the future. T%is field tri?

included physical examinations, in-vivo whole-body counting and urine bioassay

sampling of all three atoll populations by the BNL medical team. External

radiation measurements and sampling of groundwater, soil, plants, fish and

coconut crabs were performed by Greenhouse and Nelson.

(.



Fy :975

The Yarshall Islands Radiological Safety Proqram was formally initiated.

Funding levels were $125,000 for operating and s20,’000 for capital equicment.

Staffing levels were 1.5 man years scientific and professional and L.C)Tan

year technical support. Greenhouse directed the program. .4rrangenentswer~

made to up~rade the BNL’dPSanalytical lab with the additions of a computer

based nulti-channel analyzer and a hi~h efficiency GeLi detector.

Greenhouse and Nelson, in a joint UWLRE/BNL[lPSfield trip CO the

Northern Narshalls in December 1974, colLected environmental samples and made

extsrnal radiation measurements at Zongelap, Utirik, Rongerik and !31!ciniAtol-

1s. Gree~house, Williams, and Kuehner of BNLHPS, Reilly of the State of ?en-

ns:~l”~ania,Oavis of Pacific Gas and Electric, and Nelson of UWLRE participated

in an April 1975 field trip to Bikini .4to11. They collected samples and de-

fined the external radiatton environments of Bikini and Enue Islands. Limited

soil and vegetation sampling were done at Bikini and comparison environmental

saa?les were collected at Notho and Kwajalein Atolls. This field trip es-

tablished the groundwork for a major interagency survey of Bi!cini and Enue

Islands in June in which Greenhouse participated. This survey included soil,

groundvater and some vegetation sampling. It was performed jointly by LLL,

UWLRE , the Environmental Protection Agency, and BNLHPS. Their primary ob-

jective was selection of locations for the second increment of house con-

struction on Bikini and Enue Islands by the Department of the Interior.

Funding levels were $172,000

Staffing levels were 2.0 man years

FY 1976

operating and $20,000 capital equipment”

scientific and professional and 1.0 man



(

years technical support. Yajor eaui?ment purchases included a Lawrence

Li~’ernoreLaboratory Portable Gamma Spectrometer and two ~euter Sto!kes En-

vironmental Zadiation :lonitors. Yaidu (!3NLHPS)joined Greenhouse to fern the

program’s principle staff.

;;elsonand Greenhouse collaborated on a Eield trip to }lajuro,?onape,

Yru’k,Guam, and Palau, as part of the LWL.REPacific Basin Study. Greenhouse,

Naidu, and ‘Kuehnerof 3NLHPS, Haughev of Rutgers University, Terpilak of the

‘Js?.arzxentof Health, Education and Velfare, Bureau of ?.adiologicalKlealth

and <astens of University of yew York at ‘jtony Brook, !-farineScience Center

participated in a Xarch-April field trip to Bikini Atoll. Their ?riaary ob-

jectives were beta and gamma dose rate measurements on Ilikini Island and a

gen~ral radiological suwey of !{amIsland in the northwestern sector of the

atoll. This survey included limited soil and vegetation sampling. A joint

BNV,{?Sand UWLRE survey with the BNL ?fedicalDepartment was undertaken in

Sept*mber. The BN_LHPSobjective was to perform an environmental radiation

survey at Notje, Ailuk, Utirik, Rongelap and Bikini Atolls. Special efforts

focussed on several northern islands at Rongelap.

PUBLICATION: Marshall Islands Radiolo ical Followup, Y. .4.Greenhouse

and T. ‘?.XcCraw, BNL #20767.

PRESENTATIONS: Marshall Islands Radiological Followup, N. A. Green-

house, Presented at the Ninth Midyear Topical Symposium, Operational Health

Physics, Denver, Colorado, February 1975.

FY 1977

Funding levels were $207,000 for operating and $90,000 for capital

equipment. Staffing levels were 2.0 man years scientific and professional



.2!-d 1.25 yan years Cechnical. An addi:ianal ,3.25Tan ::eac;f~~ :~ch~.i;~~~!JrJ-

port .das obtained fro~ :L,egew S<3iet:~and Environmental ?rotection ?i.]isiol

(3~~LSZPfoc~erly Bf;LflpS). yiltenbe~ger (BNLSE?) reolaced ::aidu.+ndjoined

Zree~house as princi?le staff. A request from the Zrierg:r?.esearc% and D~-

velo?men: Administration, Di’;ision of Safety, Standards and Compliance

(E!UADSSC formerly .WC20S) ta add air sampling equipnertt to the radialo~ical

5ur-Jeillance program at Bi:kini was rzceived. 5RDA.DSSC also requested in vi’Jo

coun:ing af the Bi!<ini and Zaeweca’k people. Xajor equipme~t ?urchases i3-

cl~ciedfour wind-powered electrical ~enerators, three multichannel analyzers

and :’.JOSo(ii.uzliodide (NaI) detec~ors.

During a Septenber 1976 BNL medical survey to Xongelap, Knudsen, a Yedi-

c~l ?epartne-c physician, was rea.l~escsdby the residents ~f ‘RongeLapto have

.,..aid~of 3XLSEP stay on Rongelap Island and instruct the peopLe in radiation

sci~nces. Yaidu was funded by the Znergy Research and development .ldministra-

tiofi’s~i.~isionof biomedicine and Environmental Research (ERDADBER) and spent

six weeks during January and February 1977 educating the iZongelappeople on

matters pertaining to the effects of radiation on man.

Duri>g .%pril and ?iay of 1977, BNL.SEP’S Greenhouse, Xiltenber2er and

Leviae we~t to U’tirik, Rongelap and Bikini to do site planning for vi~d-

powered electrical generators and air sampling stations. Together wit% a con-

ventionally powered comparison air sampling station, which they installed at

Kwajalein Island, Kwajalein .4toll, these stations initiated the long-tern sam-

pli>g program for air activity concentrations of ?Lutonium. F~ssil-fuelsd

generators were judged incapable of supplying continuous year round power on

outsr atolls. Wind-powered generators were thought to be capable of supplying

,,?n



pow!?r for a 12 nonth period without needing repairs. In addition, T~iad-

powereri electrical generators were virtuall:~ noiseless compared to gasoline

powered electrical generators. Thev offered the possibility of collecting a

lar3e volume air sample without disruption ]f quiescent village li~ing pat-

Eerls on outer atolls. A plutonium excretion stud~~was also undertaken by

collecting pooled large-voLume urine samples from three to five families at

each atoll except Kwajalein.

Zarly in 1977, the question of the past dose equivalent to the ~larshal-

le~~ who have li’?edon ?ongelap and Utiri’k, had become an inportant scientific

and +ealth rslated ques:ion with considerable political overtones. Bond,

3or~, ?onard, Cronkite, Greenhouse, Naidu and IIeinhold,all members of 3NL,

and Sond\a’Js of the University of California, College of tledicine (UCCM)

initiated tzchnical evaluation of the issue.

Fy 1978

}113S? funding levels were $207,000 for operating and $10,000 for capital

equipment. Staffing levels were 2.0 man years scientific and professional and

2.5 nan years technical support. Greenhouse and ~liltenberger made up the pro-

gran’s principle staff, Cua and Knight joined the program staff part time.

tlajor ~auipment purchases consisted of peripheral alpha spectroscopy equipnent

for plutonium ana+-yses of environmental and biological sam?les. As a result

of earlier discussions by 3ond, Xeinhold, ?Jaidu and others of 3NL, a proposal

for Rongelap and Utirik Oose Reassessment (RUDR) had been forwarded to the De-

partment of Znergy’s Division of 3iological and Environmental ‘lesearch

(WIEDBER formerly ERDADBER) and the pro~ram was funded with an operational

buc!~+~r~)r:“,O,()()O.Staffing levels were 0.5 man years scientific and profes-

sional, Naidu and Greenhouse were the RUDR ?roSram’s primary staff.

7



In October 1977, three wind-?owered electrical ~eaerators and lonq tern

air sampling stations were installed at Utirik$ ?.ongelapand Bikini Islands 5y

~e~~ers of !3NLSE?and the owner/operator of ?nertech Corporation, the seller

of the wind-powered syste~s. A second comparison station was :..stalledat

Roi-!{amurIsland, Kwajalein Atoll. In addition, large ‘~olumeurine samples

were collected under controlled conditions from five to seven Xarshallese mal-

es 2t Ctirik, Rongelap and Bikini. .411of this work was performed by Green-

house, Levine, Dillingham, 9eAngelis and Cua of BNLSZ? and by Sherwin of Ea-

ertecl-tCorporation. Also in October 1977 !4iltenbergerof BNLSEP and Cohn,

Rothman and ~lareus of 5NL medical attempted to whole-body count the !iarshal-

lese population residing at Japtan Island, Enewetak Atoll. Due to an un-

cercain political and social acnosphere, it vas decided by the new Department

of Energy’s Division of Safety, Standards and Compliance (DOEDSSC formerly

ERDADSSC) that BNL refrain from involvement with the Yarshallese on Japtan Is-

1and. At that time, the focus of the field wor!<was switched to counting 35

Holmes and Xarver employees who were residents of Enewetak Island.

In January 1978 Balsamo and Shewin returned to Bikini, Rongelap and

Gtirik to complete wind-powered electrical generator installation and repair.

In Agril 1978 !-liltenberger,Lessard and Naidu of BNLSZP participated in a

joint field trip with BNL !-ledicalon Rongelap, Utirik and Bikini .4tolls. At

L!tirik, the BNLSEP team collected urine, soil, vegetation and fish samples for

radiochemical analysis. They also collected 5 day high-volume air samples and

Anderson cascade impactor air samples. The wind-powered electrical generator

at Utirik was not working and could not be repaired. Xaidu remained behind on

Utirik for several weeks to teach the biological effects of radiation, a pro-



gr~m siailar to the one given on ilonqelap in 1977. Lessard And Yiltenberger

proceeded :0 Rongelap to collect additional urine and environmental samples

and conducced an external sx?osure study at the northern islands IOFXongelap

Atoll. T;~ewind-?owered electric generator had rxalfunc:ioned here too. An

attempt ro repa,irthe wind-powered generator also was made, however, no long

ten successful operation of the systen could be achieved. “Greenhouseand

Xuehner of 3NLSEP joined the field team at 3i!cini. Of the 143 persons re-

siding on Bikini, 99 were whols-body counted. Additionally, urine samples and

environmental soil, air and vegetation samples were collected. Samples of

locally prepared indigenous food items such as jekaro (coconut sap), jekami

(coconut syrup) and powdered taro flour (a starchy tuber based flour) were ob-

taiaed. The wind-powered generator on Bikini was not wor!cingnor could it be

repaired. The Bikirtianswere nade aware of the fact that their prior body

bur-ienshad increased to new levels and many of them knew they exceeded che

i~tzrnationally accepted annual guidelines for dose-equivalent commitinent.

In June 1978, the RUDR program contracted the meteorological group at

LLL, headed up Gudiksen, to provide a computer simulation of the dispersion,

transport and deposition of fallout from the 1954 atmospheric nuclear test,

3RAV0. .klso, a contract to provide neutron activation analyses of environ-

mental samples for 1-127 and 1-129 resulting from the deposition of fallout on

Xongelap and Utirik Atolls was given to the Radiol~gical Sciences Department,

Battelle-Pacific Northwest Laboratory (BPNL) under the guidance of Brauer and

Ballou. Historic soil samples from Rongelap and Utirik Atolls were provided

by Seymour, the director of UWLRE. In August, Sondhaus of UCCM was asked to

collaborate on the dose reassessment project (RUDR).



In September 1973, ~~aidu, CraiThead and Greenhouse of 3NLSEP be~an a

diet and living pattern study of Rongela?, Utirik, Likiep and .AilukAtolls.

Ini:i.al observations had been performed by !Taidu during prior visits (Rongelap

6 weeks, January-February 1977 and Utirik 2 weeks, April 1978) and by Knight

duri.lqFY 78. Basic data was Zathered Qn age distribution, family size,

seaso~al variations of locally ~rown food, food from other islands, individual

diet patterns and individual daily activity patterns. Greenhouse also per-

foraed ground level exposure rate measurements and surface soil sampLing,

This ~or’k~~asperfomed in supper: of the Northern ;iarshall Islands Radiologi-

cal ;tirvey and sxpenses totalling $37,000 were reimbursed tSrough Rohison of

LLL and Liverman of DOE.

pT;~L~~~~~~~S : External Radiation Survey and Dose Predictions for

Ronqelap, Ctirik, Rongerik, Ailuk and Wotje Atolls, Y. A. Greenhouse and R. ?.

Yiltsnberger, !3NL#50797, !lecember1977.

Radiological Analyses of ?farshall Islands Environmental

Samples 1974-1976, Y. A. Greenhouse, R. P, >filtenbergerand F. T. Cua, BNL

#50796, December 1977.

N 1979

HIRSP was funded with $281,000 operating and $25,000 capital. RUDR was

funded with $50,000 operating. Total staffing levels were 3.4 man years

scientific and professional and 1.6 man years technical support. Lessard, a

prior collaborator on YIRSP joined with Greenhouse, Miltenberger and Naidu as

principle staff for 141RSP and RUDR. Yajor equipment purchases included a

portable Davidson multi-channel analyzer and tower extentions for the wind-

powered electrical generators.
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Txel’Jetwo week Yarshallese comparison urine sampl?s were collected L3

\?cto’D2r1973 !IYShoniber, Department of Health Service , Trust Territor~~ of

C!le?acific Islands and forwarded to BNL for anaiyses. Zach sample vas to

have been analyzed for Sr-90, Cs-137, Pu-239 and ?u-240 from ‘Jorld-wide fall-

,~u~ ~nd for natural ~-40. The results were to be ‘usedco establish the 5ase-

line excretion rates for these radionuclides so that a reference against which

uri~e samples from the atolls contaminated with troposphericfallout could be

com?ared.

I)uringt;overnber1978, Marshall Island’s whol~-body counting, envfron-

nental, demographic, physiologic and bioassay data ~ases were initiated 5y

~liltenberger. Preliminary diet and living pattern reports were submitted to

?obi;on (LLL) by Naidu. Under the RUDR program, 62 teet~lsamples frwa Bikini,

Xongelap and Vtirik wers collected by 3NL !iedicalfor future anal:~sesof

Sr-90, Pu-239 and Pu-240. Naidu invited The Institute of ?hysical and C’nemi-

cal Xesearch of Japan to contribute some Bikini ash to XU3R research.

During January and February 1979, Lessard constructed appropriate dosi-

metric nodels and determined retrospective and prospective dose equivalents to

various body organs for all former Bikini residents. This work also compared

urine bioassay derived body burdens to whole-body counting measured body bur-

dens for CS-137.

In January, a

foner Bikini Island

whole body counting field trip to Xajuro to examine the

residents was undertaken by Yiltenberger, Greenhouse and

Crai5head. They whole-body counted 101 persons and collected 49 urine sam-

ples, 64 whole-body counts were from the relocated former 3ikini residents.

Xiltznberger and Greenhouse continued to cross the Trust Territory to fifiish

11



z?,e ?ac<!ic Basin Stud:.’,a collaborative effort wi:h !;elsogOf 7JILREwhi:h ‘Jad

ca~~enced in 1975. During !-!a:~,another field trip co IIajuro and <iii ~as com-

pleced by ~!iltenberger and Lessard. They whol~-body countsd 129 ~ersons, 79

of utiichhad been relocated from Bikini Island in August of 1978. The whole-

bed:’counts on !iarshallese persons other than the fomer T’3ikiniansprovided

‘~aseline body burden and urine radionuclide excretion rate data for comparison

pur?osss.

9uri2g August and September 1979, Yiltenberger, L=assard,Balsamo, ~u~t

and 2illingham of BNLSEP, Sherwin of Enertech Corporation, and Rademacher of

St. !!ary’sCollege, participated in a field trip. They reestablished the air

sampling programs at Kwajalein, Rongelap and Utirik, continued the rautine en-.

vir~nnental ~onitoring program at ?ongelap and L!tirik and continued the whole-

boci;:zounting programs formerly performed by BNL medical. At !Jtirik and

Rongeiap, Brown of DOE Pacific Area Support Office (PASO) restated a former

BNL promise. He said that the electric generating windmill apparatus would be

given to the people in working order following collection of air sampling data

for ane year. During this trip, 150 whole-body counts and 146 urine samples

had been collected. In addition, the windmills were left gen~rating elec-

tricity. Coconut, pandanus and breadfruit had been obtained from traditional

sele:tion sites. Brown of DOEPASO, Otterman of US Oceanography, and

;Iiltenbergerand Lessard of BNL.SEPprepared sketches and plans for a new

whoi~-5ody counting trailer. The new design incorporated two chair type coun-

ters. Their design maximized the use of available equipment and space,

ninixized the discomfort of the ?farshalleseand eliminated many of the pre-

vious trailer design deficiencies.

12



3y .iugust1979, members of the 3!J3Rprogram completed a dr~f: of the

diet and living pattern stud:~. .\lso, results of Ehe soil analyses for 1-12’3

on sanDLes collected during the lg50’s indicated samples from recent times

could be analyzed. In addition, soil samples from Likiep were submitted far

analy?es. Efforts were initiated to procure excised thyr~id glands taken from

the !!arshallesewho were resident on Roagelap and L!tirik. These sanples were

co be analyzed for Tc-99 and 1-129. The computer simulation of fallout data

was e::pecced to be completed by September. XcInroy of Los .llamosScientific

Laboratory had begun analyses of !Iarshallese teeth samples for Pu, U, Th and

Zr radionuclides.

A September 1979 visit to Rongelap and Utiri,kwas performed by US Ocean-

o~rap”~y. They reported the wind-powered electrical generators were not work-

ing and according to the run tine indicators, they had failed shortly after

their repair in August. It was becoming apparent that to keep the wind-

powersd generators operational, routine mairttenanceby a trained individual

equipped with spare parts and proper tools was required.

pUBLICATION: External Exposure Measurements at Bikini Atoll, N. A.

Greenhouse, R. P. Xiltenberger and E. T. Lessard, BNL #51003, January 1979.

PRESENTATIONS : 137 Cs Body Burdens at Bikint: TO Xove or Xot to !40ve,

Y. A. Greenhouse, Presented at the Chemical Physics Section, Health and Safety

Research Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, Janu-

ar’y 1979.

The Anatomy, Physiology, and Radiobiology of The

Gastrointestinal Tract, E.T. Lessard, Presented at the Twenty-Fourth Annual

!’feetingof the Health Physics society, Philadelphia, Pennsylvania, July 1379.
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Funding levels were $351,000 operating and j50,000 capital equipment for

‘lT’~:7...*.,, An operating budget of 550,!300 was provided for RUDR. Staffing I?vels

~ere 3.8 zan years scientific and professional and 2.2 man years technical

s’u?porz. Major equipment purchased was a computer based multi-ci~annel pulse

height analyzer to replace and upgrade the existing 3NLSEP analytical labora-

tar;:?quipnent. By September 19S0, Greenhouse, Cua and ‘Knight had left the

?ro<raa and !liltenberger,!?aiduand Lessard performed as primary staff with

Lessard as program director.

During October 1979, Miltenberger and Lessard finalized plans f~r the

new whole-body counting trailer with Dillingham, Otteman and Brown. Chair

construction began at 3NL. Enertech was informe(iin October of the failure of

the xind-generators supplied and repaired by them. During the next few

months , the whole-body counting chairs were built, disasse~bled, packed and

far~arded to ‘Kwajalein along with the new trailer. Naidu and Greenhouse, of

BNLS?P and Pratt of BNL !4edicalprepared an educational programon the effects

of fallout from nuclear tests for the inhabitants of giki~i, Enewetak,

!lon~elap and Utirik Atolls. This effort documented the original training pre-

sented to the Rongelapese and lJtirikeseby !?aiduduring 1977 and 1978.

In February 1980, a personnel monitoring field trip was undertaken to

Japtan and Enewetak Islands, Enewetak Atoll and Ujelang Island, Ujelang Atoll

to o’~tainbaseline body-burden data on the Enewetak population prior to the

repatriation of Enewetak Atoll in April 1980. ?!iltenberger, Levine and Green-

house of BNLSE? and Yanalastas, a Phillipine national and a fellow of the

International Atomic !?,nergyAgency performed fiole-body counting and collected

{.
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urine samples from persons 5 years of ~Se and oLder. <t ~Jjelang, IOn-

parcicipants of the whole-body counting progran were invited to provide urine

Samoles. Approximately 400 urine samples were collect?d and are curentl:r

being spectrometricall;~ analyzed for gamma emitters and radiochemicall;~ an-

alyzed for Sr-90. Additionally, participants provideri physical and deno-

~rz?’nic data.

AS previously mentioned, whole-body c~untfn~ was conducted with tr~o

independent chair coun:ing systems in which a sodium iodide detector was posi-

tioned in front of a sitting person. ‘This geometry allowed safe entry and

egress with comparable sensitivity relative to the bed geometry used In prior

field trips. Approximately 400 spectra wers obtained in t5is way and analyzed

for CS-137 znd K-40 using calibration standards which best matched the sex,

height and weight of zhe indi~ldual. Additional analyses were performed :0

determine frequency distribution statistics for various age and sex groupings

of ~he data. quality assurance was obtaiaed by duplicate whole-body counts

and repetitive point-source standard counts.

i3uringJanuary and February 1980, Lessard undercook retrospective as-

sessment of chronic external and internal dose equivalents to the residents of

Ron3elap and Utirik. The dose interval assessed was after they returned home

following the BRAVO test and evacuation and prior to January 1, 1980. Les-

sard, Fliltenbergerand Greenhouse also completed the Sr-90 and CS-137 dose

equivalent-commitment estimates for former residents of Bikini AtoL1. Ad-

ditionally they determined dietary r~ioactivity intake for CS-137 in the

Bikini population and compiled whole-body counting results for the years 1974

to 1979. These Bikini related works were prepared as 3 primary scientific

publications.
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In ;anua~ 1980, Naidu, Greenhouse, Craighemi ~nciYniqht sumqari:ed

inf.>rna:ion on diet and Living patterns for t’ne:Iarsnailese, ?he data was de-

ri”:ed from literature, from personnel observations thr~ugh Iiving with tie

:Iarshallesefor periods extending from months to years, from answers to

questionnaires and from direct participation in their activities. It was re-

c~gni~ed at that tine that the study needed :0 be extended in order to ident-

if;rtrends in local food consumption and living patterns.

During >larcn1980, at the request of McCraw of the Department of Zn-

erg:~’s Division of Health and Environmental Research, Lessard and !Iiltenberger

identified individual.Bikinians who exceeded the recommended 500 mRem per year

limit to the whole body and red bone marrow. They also explained the dis-

continuity which appear~d in the Sr-90 estimated body 5urden between residence

and post residence periods for 3ikini adult females and 8ikini youths. .4d-

ditionally, they evaluated LLL’s calculations relating body burden, dose

equivalent and activity ingestion rate.

In March, Public Law 96-205 was enacted which authorized the Secretary

of ch.eInterior to provide for certain people medical care and treatment and

environmental research and monitoring for any injury, illness or condition

which may be the result directly or indirectly of the Pacific Nuclear !feapon

Testing ?rogram. The Secretary

associated with the development

year, at the request of Robison

of Energy was authorized to assume all costs

and implementation of the program. Later that

of LLL, Lessard and Greenhouse r=elated to him

an outline of MIRSP and RUDR program history and costs. Robison would draw

upon this information in order to set forth a 2eneral plan for the periodic

comprehensive survey and analyses of the radiological. status of the atolls,
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the development of an updated radiation dose assessment and an estimate of the

ris’<s associated with the predicted human exposure.

In Aprilp Greenhouse be~an t~ summarize external exposure rate data for

the ‘Iicronesian islands outside of the Nortlhern }larshalls. ?Iuch of this data

was collected in collaboration with Nelson of LTJLiLEduring 1975 and 1976.

During the summer months Ka?lan, an undergraduate student from Yale L!ni-

versitv, and Lessard performed the initial analysis relating 1-129 activity in

soil to acute thyroid dose equivalents in persons on Xongelap and L?tirik Atol-

1S i~ !larch 19S4. The analysis accounted f~r 1-129 atom distribution with

depth ~f soil and the kinetic relationships 5etween the iodine isotopes, rine

post detonation and fission neutron energy. The dosimetry accounted for dif-

ferences in uptake, excretion and retention of iodine as a fanccion of age of

the individual. Preliminary estimates of thyroid dose from the !Iarch1, 1954

exposure were detenined for RonSelap and Utirik residents.
/

During July and August 1980, whole-body counts and urine samples were

obtained at Xajuro Atoll and Kili Island by Greenhouse, Moorthy, Watts and

Rivera of BNLSEP. Former 3ikini Island residents and a comparison population
A-- .. ..

contributed approximately 200 spectra and 100 urine samples. Fifty percent of
,..

~%’ ‘c
the April 1978 population at Bikini were recounted. Consecutive measurements

of a Bikini residents body burden post departure allowed for computation of

individual long-term biological removal rate constants. This data wag re-

vier~edand written Up by ?-liltenberger,Lessard and Greenhouse and submitted tO

a scientific journal.

In September, a neeting of l?UDR was held between Bond, Borg, Conard,

Cronkite, Hull, Lessard, Xeinhold, Hiltenberger and Xaid~ of BNL, and Sondhaus

(
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of L’Cc)f. The meeting centered on close reassess~ent ~nd was conducced in two

pares ~imed at reviewing past accomplishments and assigning future tasks. A

review 0: the circumstances that led co the studv was presented by Xaidu who

also discussed the status of the Sr and Pu in teeth sanples. Lessard yre-

sericed a drai~ of the chronic phase dose-ec,~ivalentestinates for Rongelap and

Utirik residents and reviewed the acute phase dosimetric methods and dose-

equi’~alent astimates based on the 1-129 soil analysis. ‘lhe second stage of

the meeting Led CO detailed discussions on the chronic and acute dosimetry.

T1~e :>utcome was to define specific tasks in order to further substantiate the

dose estimates to the thyroid.

During September, as part of the ongoing quality assurance program for

H13S?, an interlaboratory analysis for Sr-90 in urine samples from the !4ar-

shall Islands vas initiated.

PUBLICATIONS:

Dosimetric Results for the Bikini Population, N.A. Greenhouse, R.P.

l-lilcenbergerand E.T. Lessard, Health ?hysics, Vol 38, pp. 846-851, May 1980.

Yarshall Islands: A Stpdy of Diet and Living Patterns, J. Naidu, N..\.

Greenhouse, J. Knight, BNL#51313, July 1980.

Dietary Radioactivity Intake from Bioassay Data: A.!$odel Applied to

CS-137 Intake By Bikin&;J.a~ .Sies@s3nts, E.T. Lessard, R.P. Miltenberger,
--

and X.A. Greenhouse, Health Physics Vol. 39, pp.177-133, August 1980.

Whole Body Counting Results from 1974 to 1979 for Bikini Island Re-

sidents, R.P. Miltenberger, N.A. Greenhouse and E.T. Lessard, Health Physics,

vol. 39, pp. 395d07,. August 1980.

(



CO-50 and CS-137 Long Term Biological Removal ?.ateConstants for the

YarzhaLIese ~ODUlatiOn, R.P. Yiltsnberger, E.T. Lessard and Y.A. GKeenhous?,

iieal:n Physics (In press).

PRESENTATIONS :

Xate Constants for Biological Elimination of Strontium and Cesium in the

Yarshallese Population, E.’T. Lessard. Presented at the Twenty-Fifth Annual

Bioassav Conference, Las Vegas, Nevada, Oct~ber 31-November ~, 1979.

3ody Burden !?easurements as Determined from !,%ole-130dyCounting and

Urine Bioassay, E.T. Lessard, Presented at the Txenty-Fifth Annual Bioassay

Conference, Las ‘Jegas, Xevada, October 31-Xovember 2, 1979.

Dosimetry Yethods and Results for the Former Residents of Bikini Atoll,

Y..%. Greenhouse, Presented at the IRP.4Congress, !-lanilla,Phillipines,

November 5-9, 1979.

An ~ducational Program on the Effects of Fallout from Nuclear Tests for

the Inhabitants of Bikini, Enewetak, Rongelap and Utirik (?farshall Islands),

J. Naidu, Presented at the Thirteenth Z4idyear Symposium of the Health Physics

Society, Honolulu, Hawaii, December 10-13, 1979.

Dose Assessment for Rongelap and Utirik Residents 1954 to Present, E.Tt

Lessard, Presented at the Twenty Fifth Annual Yeeting of the Health Physics

Society, Seattle, tJashington, July 21-25, 1980.

FY 1981 (Progress to Date)

Funding levels were $415,000 operating and $5,000 capital equipment for

!41RSP. In November, $30,000 operating were withheld by DOE, thus reducing the

MIRS? operating dollars to $385,!300. An operating budget of $53,000 was

directed to RUDR. Lessard, !4iltenbergerand Yaidu form the primary staff.
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!luring October l.essard completed the reconstruction af ,>hrQnLc dOSe

equi.’:alentsfor ?ongelap and ‘Jtiril<residents for the :i,aeinterval 1954 to

:9s0. ?lecrospeccive and contemporary external ex?osure rate data, whole-5ody

counting. data, and radiochemical analysis of urine a~d blood data were re-

vie’~ed. ?)osimetric models which best described the uptake regime were con-

s:rtlcted for the nuclides ~f interest. Daily activity ingeSCiOn rates,

whoie-bod:~ 3ose-equivalent rates and dose-equivalent commitments to various

or~~ns were determined. Population dosimetry results and methods were written

up lnd reported in a BNL publication. Individual dosimetric records are

maintained at the Laboratory.

At the request of McCraw (DOEDHER), Lessard and }!iltenberger analyzed

for-.er ~ikini and Xoagela? personnel monitoring data in order to estimate

CS-:37 body burdens for the population who clay return to Enue Island, Bikini

Atoll. This projection involved a determination of activity transfer factors

calculated from Rongelap and Bikini whole-body counting data and from activity

concentration analyses of coconut tree products. These factors were

comparable for both atolls and dose-equivalent commitments were projected for

adults.

13 December, ?Jaidu contacted Dr. Shinji Okano of Japan regarding an-

alyses of the ‘*Bikini.4sh of Daigo-Fukuryumara””. Lessard, Miltenberger and

Moorthv outlined a radiochemical separation/neutron fission radioassay tech-

nique to be used on urine collected from Xarshallese exposed to tropospheric

weapons-test plutonium. Sondhaus (UCCM) visited Lessard to discuss his work

related to acute phase dose reassessment for Ilongelap and ‘Jtirik residents.

Thiessen, the new Director of the Human Health and Assessments Division of the

Department of Energy was appraised of the RUDR program’s activities. .41s0 in
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Decenb*r, Lessard, Xaidu, !4il~enberger, Baum and Olmer began preparations for

site review 3cheduled for ;qa;~1981.

Ouring f)ctober through :!arch, Xiltenberger, Lessard and Steimers of

BNL3ZP summarized the data

tained from four lactating

burlen had been defined by

regarding human milk samples which had been ob-

adult former Bi’,-cinifemales whose CS-137 body

whole-body counting. .41s0, coconut t!ieesap and

nu:s were analyzed by gamma spec”te%o~ ta detenine the ~resence of CS-137

and 1<-40. Ft

lese infants

duczs. i)ose

duri~g AUSUS

timtem

During

:ledical~;ond

f~rnecl a hea

Liktanur II.

out of sever

Cs-137, noted in all individuals examined the year before, had declined during

this first year in residence on Enewetak Atoll. The survey of the x-ray

mat?.ine provided an estimate of the operator and patient dose equivalent.

During January and February, !lcCraw (DOEDHER) requested a review and re-

sponse to questions posed by Johnson of the Micronesia Support committee r.a-

garding repatriation of

quested a reanalysis of

the northern islands of

ilongelap and Utirik Atolls. Additionally, :4cCraw re-

dose equivalent due to ingestion of coconut crab from

~ongelap Atoll. Conard and Cronkite of BNL Xedical
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Sp)rlses.

A whole-body courtting protocol by Yiltenberger and radiochemical an-

alyses pr~tocol by Olrner ‘~ere prepared in ?larch. .4review of quality

assurance data for the ~!arshallIslands was also prepared by Yiltenberger,

Naiju and Lessard. Brausr of BP??Land Xaidu prepared radiochemical analysis

and analytical ?rocedures for determination of 1-129 in soil. Lessard

prepared a his~orical synopsis, a summary of >lIRSP and RUDR highlights and a

collection of publications and protocols.

PUBLICATIONS FY 81 to date:

~:=~,: ‘&

*.: .,:
* ,-

-+
-. .- ,’ - i.. .— -.. . .- .-

Keconscruction ar w7roaic I.JoseLqu Lvalencs for Rongela.p and Ug%cik
w“,, ..

’3’ -> ..’ ‘-’”
Xesidsnts-195&-”to’”19% ‘ .a. ‘=-. . .-, ..,.-. . .*. -. .:

E.T. Lessard, J.R. Naidu, R.P. ?iiltenb~.-

BNL #28939, Draft. ..,*

.%
,ncf”L-.V.Kaplan,

.

13alsamo, S. Cohn, E. Craighead, F. Cua, N..4.Greenhouse, .4.Hunt, S. Johnson,

A. !’.uehner,E.T. Lessard, G. Levine, R.P. Miltenberger, .4.Xoorthy, J. Naidu,

N. Rivers, J. Steirners and K. Watts, BNL Report, Draft.

CS-137 in Human Ylilk and ~ose Equivalent Assessment, R.?.

MiLtenberger, E.T. Lessard, J. Steimers, and N.A. Greenhouse, BNL Report,

Draft.

22



.AnInte~

.
Repart, Draft. .4

.,.=.
“.’Of._.lWRuraland T~chnologically Enhanced *

..-.?;
.*. ac!cground

Radiation Levelg” .
~, x.A. Greenh~use, and 3.?. Yiltgztlf@g!ger,L9L

a.’ -9
,.

‘W
U%nds Radiological Safety

&
k Report, 2raft.

25th An-

Yodels for the Gastrointestinal Tract, E.T. Lessard. Presented at the Third

International Radiopha~aceutical ?osimetry Sympsitim, Oak Ridge,
Tennessee,

October 6-10, 1980.
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Movement of the Marshallese People
Following the Weapons Testing Programs

at Bikini and Enewetak Atoll



Bed Geometry klole-Body Counting
at Bikini Atoll
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External Radiation Measurements

at Bikini Atoll



Collection of Demographic, Anthropometric
and Physiologic Data and Selection of
Individuals for the Bioassay Programs



Whole-Body Counting in One of the
New Chair Geometry Systems. Two “Independent
Systems are Used Throughout a Field Study
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BNL REPORTS

Marshall Islands Radiological Followup

Radiological Analyses of Marshall Islands Environmental Samples 1974-1976

External .Radiation Survey and Dose Prediction for Rongelap, Utirik, Ailuk
ar.dWocje Atolls

External Exposure Measurements at Bikini Atoll

A Reconstruction of Chronic Dose Equivalents for Rongelap and Utirik
Residents - 1954 CO 1980

L%rshall Islands: A Study of Diet and Living Patterns

Thyroid Dose Assessment for Rongelap and Utirik Residents-Draft

aody Burdens and Dose Assessment for Bikini Island Residents-Draft

Review of Quality Assurance Data - Marshall Islands Radiological Safety
Program-Draft

f

(



!4.1.Radiological Follow-up
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~~<=oduc:<on

3reokhaven Xational ~boratory comaenced environmentalmonitoring

Y!rshall Islands for radioactivity in April 197&. Since then, members

3XL staff

coLlect a

. and water

have riadea total of six field CZ2?S to the !-hrshallIsLands

representative cross-section of vegetation, animals, fruits,

of the

of the

co

soil

found on the fsl,andsfor tha puqose of assessing the radiological

effects of the U. S. ?actfic Testing ?zo3rams.

The suneys covered

A total of 1200 aoalyses

were analyzed for Sr-90,

have been present at the

KvajaLein,Wotho, Bikini, RongeLap and Utirik Atolls.

were performed ou 400 sanrples. 13 gerieral, all ssnzples

Fu-238, Pu-239/240 and any gamma emitters which may

ci.zxe of analyses.

?fostof che field sampling work was done ia conjunctionwish

ation tith a related errriro~ncal monitoring program operated by

far Radiation Ecslogy (UE) of the TJaiversi:yof Washington. The

●nd in cooper-

che Laboratory

=esults of both

programs till be published in a series of joint and seyarate repor:s, tith empha-

sis on the terrestrial entironmauc from BNL, ●nd emphasis on”the mariae fsod chain

from L-.
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Atolls. Data obtained from Votho and Wa;alein provide baselize

tlon concerning the radioactive content of soil, flora and ?auna

to the Northern XarshaLL IsLands.

The sampling proceduresac Wotho, Kwajaleiz, Rongelap and Etir$k atoLLs

were essentiallysimilar. SaapLeswere obtained in the areas which were

inhabited by the !larshalleseor in Locatious.vhichwere actua~ or ?otsncial

food gathering resources.

Because the 3ikinians were only beginning to zeturu to

initialmonitoring of 3fkini Island required a program with

their atoll, the

a wider scoye.

At the tine 3NL started its su~ey~ of ~ilsiniAtoll. two questionsrequired

further elucidation. The first was in reference to the extenal dose :Sac one

~ould receivewhile living on 3ikini island. The second quescfoa dealt with

the ?reaic:ion of fnternaldose cobt~nr~ due to ingestionof food products

grown on the atoll. Consequently,the mmitoring program was desigaed ta thor-

ou~hly examineBikiai Island and several other islands in the atoll. Sampling

on Bikini Island was couducted in ● grid pattern which correspondsto .%ture

areas oi habitation and food ?roductioa. Other islands in the atoll wese exa-

tizedia asisailarlythoroughway co veri-~ initial assumpciona regardisq the radio-

logical couce=s ac these Locations.

Th Bikiai Atoll sectiou of the Marshall Islands ●nvironmental monitoring

?rogram ?r~des the predominant bulk of data presented in this repor:. Varioua

isl~ds -fithinthfs ●toll were sampled and surveyed in relative ProPortion:Q

the projected development according to the Bikini Atoll Master Plan (1).

.
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This :tpor: ccncent=aces on the :esults of the envi:oumen~ai aaai:gr:zg

~rosram. The external dose zeasureme2cs with :he use of ica ch~ber and

Sield ganxnaspecczosco9y vii: 5e ze?orced separately as will dose cmmimeac

estimates via various incerzaleqmsuze pathways.

3ikini Atoll

Envi:oarnentalsurveillanceof Bikini Atoll was achieved by sampiing .~ege-

:ation, soil, fish, cacchmenc water and sediment. Zneu Island was sumeyed

for extez.al radiation and smpLed for =arine fauna, soil and vegetation con-

sisting of Scaveola leaves, !-fesserschmidialeaves , coconuts and pandanus. Eneu

had previouslybeefiidentifiedas a ?ocentialvillage island, since it received

:he Least amount of radioac:i,vefallout during the atcmic bomb tesciag. ~aeu

has also been su~gescea as the aaia source of food ?raduc:ion for chose i2dtiJi-

duaLs living on Sikiai Island (2,1), Canseauently,thorough sampli,ngof :his

Lslana was essential to establish raalonucl~tiequantitieszi:hin :he food

chain.

The island of Yam was c~nsidered to be heavily contaminated because of Lts

?roxiticy to the L954 3RAV0 event. Emiroamencal mouicoriag to date on this

island incLudes sampLes of ~ilee aad snapper fish, six inch SOL: cores ana soil

?roiiles, scavecilaand xessersc!zmidia Leaves.

Several food items ~rowa oa Bikini IsLaad have been suggested for excLusiou

f=om the Local diet (~,~). SampLes of coconuts, pandanus, breadfruit:,

arrowooc, scaveola leaves, sesserscihmidia leaves, ?umpkizs, squash, bananas

and papaya, soil s~les in che form of Ij cm cores ard 0-100 cm soil profiles,

mackerel (fish) and ::idacna (clams), plus catchmeac sediment aad water have been

collacted in an afgorc co determine their radiologicalimpacts as iocal aarine and

:er=estrial ~ood items.

-3-



3cr. zeL33 Ac5LI

HOSt Oi the people living on Rongelap ZsLand “nave5een there si~ce Chei:

~e<~rn three Vears af:~~ :he 3~~0 incide~e, They have well established

dietary pac:eras based on avail abilfty of various vegetation. The aoni:orir~

prog=am for Ronqelap at:aqcs co reflecc the aain constit’~encsof :he ?ongelao

diet. As such, sampieswere collected f=om areas *#herethe local inhabitants

col~ectedtheir food.

The three islands of iai:iaL Interest in Rongelap Atoll were RcngeLap,

KabeLle and Eniaitok. Sanples of Scaveola leaves were taken imu all Chree ~slands.

Other samples ●t Eniaitok iaclude breadfruit, pandanus anti?zsserschmidia leaves.

On Ran3eLap Island, samples c~asisced of ?arrot fish, pandanus,Guectarda,

breadfruit, arzovroot artdcoconuts. Soil samples in the form of shallow cores and

vertical profiles vere also collec:ea.

Vt%r:k Atoll

Previous studieshave caacluded that Utirik AcoI,Lhas received the lease

amount of radioactivecontaminationEollovingthe 3ELAV0iacident (A, 2, 5)

The 3XL monitoring program :eflected the results of these studies. Consequently,

Uti:ik Island was the only location within the atoll where the food chain was

sampled. Samples collected at Uti=ik consiscedof pandanua, breadf=ui:, arxov-

root, coconuc, copra and messersctiidiaLeaves.

Wafalein ●nd ‘JothoAtolls

KwajaLeia and Uotho Atolls w~re not involved with close-in radioactive

fallout as “ire other atolls of the Marshall Islands. Consequently,sampI.e3

from these acullsservedas controls. Soil, pandanus, coconut,breadfait and

coconut crabs xere collected from Vocho ●nd Rvajalein for pu~oses of cou!pari-

son vith si~ilar samples collected at 3ikini, Rongelap and Ut:rik Atolls.

(
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SamoIe ?zeaaraeionand Analvsig

Soil s=ples were dried ae

material vas then ?ulverized ia

LIO°C fsr a period OS 1-2 cays. The dried

a ball mill for ap?roxiaately2\ days, and

ehen sieved through an SO aesh screen. T%e material “which?assed throug”n

the sieve was used for analysis. An aliquoc was packaged ic an aluminum
.

can and analyzed far gama emitters by Ge(I.i)or YaI (Tl) ~arznaspecczzme-

cy7 . ?l’~toniumand ‘“Sr/9% analyses were perio~ed on aliuuots of pJL-

verizea soil ashed at 900°C for L2 hours. The ash was dissolved in K2?C3

and the solution evaporated CO near dryness (several tines, if zecessary, co

?roduce a clear solution). ~he residue was redissolve in HX03 and this solucicn

ased for the radiocnemicaLisoLation of % and Sr.

Vegetationwas first weighed, dried at llO°C for 1-3 days (dependingon

sample size aridtype). TSe dried material vas vei3hed and ?ulvertzed ia a

5~ecder. Af:er the sample was reduced to a ?owder, aliquotswere packaged

for g~ pulse-heightanalysis. Vegetation sampLes destined for radiochemicaL

analysiswere dry ashed at 6850C. The temperature of the oven was raised slowly

over a three day ?eriod to L850C ia order to ?revenc 5uming of :he sampie.

>e ash vas dissolved in HlN03and evaporated to dryness. The resfdue --s r%dis-

soived in KN03 and puc aside fer ?u and Sr analyses. ?lucsniu.mwas separated

~mm an acid solution of the s~le by rwo ion exchange separation procedures

followedby electrodepositfouon stainless steel discs. TSe ?u isotopes are

dete=ined by ●lpha pulse-height analysis and recoveriesmeasured by the use of

~b~% tracez added to tbe samples ?r%or to ana~y$is.

St=oatium-90 content was determined

t=action of 90Y km an acid soluzion of

fzornche organic phase, separated as the

by dfethylhexylphosphoric acid ex-

che samples. The 90Y was stripped

oxalate and counted in a Lov hc!cgzmnd

~e~a co~~er. Y~eld~ are dete~ined gravi=eczicallythrough :he use of l’~~~i~

i. carzie% added at :he star: of the analysis.
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;a?ua :~eczz~sca~v

Cnce dried, soil sampleswere placed in a plastic petri dish and countaa

on ei:her a !JaI(Tl)or Ge(Li) desector. Vegecacion,water a~ ani~al s~les

vere placed in an alminum tuna can and c~unced. Cauncirtg tine was 4000 sec-

onds for aost samples. Both systemswere originallycalibrated for :he :una

can ~eometzy. Carrsccion factors~er.edswioped co nomaiize all petri dish

rssulzs :0 the standard c’ma can caur.cinggeonetry. All counting standards

Zzz c:aceabis to N3S sources,

Samples counced ?rior co the ~iddle of 1976 were counted on the !-TaI(Tl)

ietector. Samples counted after these dates were counted on the Ge(Li) system.

This accouncs for the capability co ideatifythe presence of radionuclldessuch

as Am.2Ll,*Sb-125, 3aLa-140 and Ce-14.4in samples where previously only CO-6C),

Cs-137 and X-40 ve:e ?ositively identified.

Ouai:.“-*7 con~=”o L

3LZ ogeraces i:s on QC program cousistiq of blizd duplicates. 3hZ also

?artictpates in izcerlaboratorycornuarisonswith HASL, che ~niversity of ‘dashin~-

tou and the TM.U. Results f=cnnouz program are Iisced in Table 17.

The first ?are of th~ table Llluscrates all &he data from the 3X bliad

duplicatestudies. These data appear :0 be in reasonableagreement with each

other. The second section presents data fimn a split sampie project with :he

HeaLth aad Safety Laboratory (EASL) in Yew York. These results

fa~rabLy, bug are also in Wst ca~es$ ia reasonable agreement.

Discussionof Results

Reported results

?resencedin Tables 2

been divided into two

of che analyses?erforned on the Xarshall

through 9 with associated 2-sigma ●rzor.

compare less

IsLand samples are

The cables have

sec:ions: reecl:sof gatrma specczal analyses ar.a‘OSr plus



aniaals, while vaLues :or

sane samples are =sporced

.

9oSr “and :he tieeecsaole ~=ansuranic elements i~r

ia Ta”oles6 zhrcugh 8. The data have been ordered

saae fsLand are :epor:ed together. The results

are not arranged by date of saaple coilec:ioa.

In general, there La a wide r=ge of results for each r~iouuciide vithin

a given sample

site Seiaction

?led. 3ecause

type. The variation is due to spatial differences in sampLe

and to biological variabilfcy beeueen individualorganisms sam-

the ●xacc s~Ling sites varied from year to year, tnere is w

c~rrelationbetween radionuclide caneegcracim aad date of sampling. The rgsuics

in this report previde an aereal evaluation of the fslaxids sumeyed. ?or 3i1kini

Islana, vegetation results indicate a raciionuclideconceucracion distribution

3izaila=to :hat reported by Laurence Live~re Laboratory in their sur~ey repor:s

~3,5,7,d,9).

Soil ?rofile s-lea coufirm the erratic nature of the raaioauclide conczn-

zzacions in soil ac c.S83ikini Atoll. Fi~ures i through 14 provide ● de?ch p:o-

Slie for the soil sanples cakeu ●t Bikini, Yam and Eaeu Islaads. Soil take i:sm

?ics ?, 3, J and K ac BfkiaL

Zzeu iadicate same degree of

building, etc.) as iadicaccd

+ithia :he soil, differences

G
statious~-1and V-2 at YU and stations 2 and 3 at

-ch~ical txnover in the SLl (tillLng, plowing,

by the mmaxparnntial discribucion of ac:iviey

in the depth profile and depth of -imum concez-

zzac~on. NowIIY, the top layers contain :Se greatest asmunc Oi radioacTi’rtY7

iue :3 Lnicial deposition,ocher~ise, z;nestrata cmcaining -zaxirmmargzaic .za:z~r

zsnd :0 3e cho most signif:cancsources.

Soil collected at pits B, G, L and M at Bikini, station +2 ●t Wm and pit

’11at Eneu display characteristicsof typical radionuclidediscztbucionin soil.

-7-



is a XP af 3ilcinidesi~atizg the

TaoI,es9 through 16 correiate

eions. TSe data zeportsd in these

soi: samlinz. locations. .

=esults fzom samples comnoa to several loca-.. ..

tables are average concenc:ationsfor all

similar sampLes on an. isiand. Yo error is reported due co the wide range of.
.. . ..- .

values .encmmcered .~ithin the vaLues gelecsed a’nddue to the relativelyfew., -.. .

values available for avera~i~s. ..

Examination of the comparison data reveals that che ratio of avera~es
., . .

between one tsiand and another varies :eLative to the uuclidc selec:ed for ●

s?ecificsampie type. Z%e range of ratios does tend to converze around a single

‘zal’ue. ?’or exampLe, if the averase results for Blkiaf Island are used as :he

3w2eracor of the ratio, ●nd the denominator is chosen to be the results fzm

Xongelap, %eu and Utirik, the followiag ratios are observed:

Islands ~atio

Bikiai/Rongelap 4
3ikirlimleu Lo :

Bikini/gtirik 20
..:.

These ratios correspond to relative concentration dl?~erences betveea 3Lkini and
,..

other islands in eha Marshall Islands prwiously reported by ocher laboratories.

(’
-a-
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0. H. Davis Pacific Gas and Electztc Company--—.—.—.—-
_ .-,-,,3T-AX”-Creenhousa -~-3rookhavenNational l,abora:o~)-.---.-

“F:J.%aughey ~ ‘“~ ,- Rutgers University
K. S. Xasceas ~ariae Science Cmter

SLW at Stony 3rook..- .. .
~-.--=~-. A. ‘3.Xuehner Srookhaven Xacional laboracay:

,.. a J. R. Naiau 3rodchaven Xationai Laboratory ---
V. A. Xelson University of Yasktington, KU
M. A. Reilly State of Pennsylvania,

...... .- -.
..—-----.-_...u.-_.___ -= ..___Bureau of.Radiological Health
,..

M. S. Te~ilak - ‘ DKEW’3ureau of Radiological Health
R. D: Wflliame “ Srookhaven National Laboratory::

‘-tieare”also deeply iadeoted to the :ollowing 3fi personnel who complemented
the field wortrby ?erfoni~~- radlocuc~ide‘analyseson numerous s~ples :b.acwere
c~llected and hy ~recesc<zg a~l equi~e~c ?rior co use i: the field:

.

“J..Ash - .- - -..-.

J. 3als=o
J. Cfaccio .

----- -.— D. Henze
- G.-Hushes

J. Johnson
G. Levine
L. ?!oreno
J. YobiLe
A. Ramamoorchy

F. Stepno~ki

The survey czsv extends its thanks to the !fevadaOperations0f5ics and

?acific Area Support Offica for support semicas tiich resulted ia a smooch and
efficienc survey. Support f:am the Kwajalein ?!issileRange and the site con-
czactor; Global Associates, as well as from the crew of the 3. V. Likzanur is
~reatly appreciated.

The outstanding coopera~ionof personnel from the Trust Ter=Ztory of cb.e
?acif~c Islmds and frm che Office of the District .Admhistzauzr of :he ~2r-

snall Islands, as well as C!MC of the ~ikini people, ?laved an importacc part
in ‘he successful compleci~ of these surveys.
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‘l’able 2

Saalplfl ; K-40 CO-137

; Descrlptlon ID
co-60

Dato pci/g # pcifg p(:t}li

-.26-35
36-70

A-6
! !1 , A-7 >
i 71-1oo All :
,
! 8-;1: ;critm l!, I’lt K,0~2.5 cm E-1 ~

,,

“6-lo :
E-2

11-15
‘ E-3 ,,.

i 16-25
E-4

I 1:

26-5o
E-5

i ‘1.,, ‘ 51-75
; U-6 :

E-7
P-1 :
F-2
F-3 :
F-4
F75
F-6
V-7
p. fJ
G-1

Sa~le serlos N; Plt FJO-2.5 CM 11-1 ‘
2.6-5 1,

6-10 “ i /
I II-2

,: i N-3 i

6“
69,
6“

11-15
16-30 ~

: N-4
11-5 ‘

coro Letwcen houaem 14 & 15 , S-5
core 30 Yd. N,Of hou08 424 a S*6
core N.of hot ● rea I s-7

Nouad J40 Oust ,. ; D-i ‘.,

,, ~
~11.64 I 2.980~C).320

t 18.26~09.97
! 2.000~0.320

13.91~07.28
, ~ , 22.20~12.Ao

3.4oo~o.330
I 102.900@.740

i; 20.90~13.79 , 112.000~1.850.!.
25.70~17.11 , ‘ 15(1.000~2.690

[:. ; 120.000~1.920
, ‘ !)1.90043. 130

,,
1.520~0.440

)’,!’ i.8qo~o.340
I 146.000~2.4110

I 135.000i_2.420
139,0(JO~2.440

1 ~4.38” lo4.000~1.930
&6.]4~22.37 85.10043.380

~2.65 8.310~o.410
I

iv ; j6 3,,0888 ; i ‘“934i’’”324
: 31).600~0.690

;4/16/75 ~ ?4;55~36:94 , ! 255.000~4.00o

I

!,
!( I 271.000~Ao12(j

!; t290.000~4.520
,: <28.561 0

,,? 225.000~3.700
, lfl}.000~2.850

:4/S176 I ;8,42~OOt13: 54.3oo~fl.770

‘t

t 311.800~0.620
1.18~00.59 :169.000~1.590

,. i. 19.700~0.630

1.12~0.61
1.59~0.68
2.65~().b7

‘t). 884

3.9530.84
4.54~o.&M
7.2f,~0.93
4.95~o.79
3.53~1.3!l

o.44~o.41

5.49~1.75
6.95~1.35
fl.12~1.49
7.25~1.26
4.16~1 .01

o.84~o.13
o.721_o.17
2.19~0.23

I .,
:. , i , I

1
b !,

.:” . 1,



I

llO&Ba 435, bat
;’,’ lkpse 430, Dumt

U~uee 4250 Dust
‘ Iloueo #20, Dust
: Ilousa #15, Dulat
: Nausa 410, Dust
Sample ecrlea 10 Plt B

..,,: 2.6-5 ,. I ~ “j
., 6-10
,: 11-15

16-25
“ 26-35

Sample aertpa J, Pit G,,!.,
2:6-5.(J ‘ “

1,; 6-10
11-15, ,.
16-30!

l,, I ,31-50 ,
~1-25 ‘.!:

,S&ple serlea K, Pit H
2.6-5

t,.
6-10

11-}5 “ ‘ ‘.,,
16-25 “ ‘“ ‘
26-35
36-60
61-75

Sarnpla serlea L, PltJ
2.6-5

tj-lo

11-15
16-25

;, D-2 4/5/76
: D-2A

D-3
I D-4

D-5
~ .D-6

. D-7 I

0-2.5 c- a-i 4/6/)6
D-2
B-3
B-4

“’ B-5
B-6

0-2.5 cm’ J-1
‘ J-2 !;,

J-3
J -41.
J-5!’
J-6 1J-,’,

O-2.5 Cq K-1 , 4/17/75
K-2 ~
K-3
K-4 ‘
K-5

,. K-6 “’
,: K-7

K-8

O-2.5Cm L-1
L-2
L-3
L-4
L-5

[’

;.,

,,,
,’/. i, ‘ ,. I

:,1
4 .,1.’ $
.’, :,

{,:;,,.

78.07~14.5i” :.:”;. ,?

,.,1

89.60~2.01
90.6011.44
79.4fl~3.39
59.80~1.65
53.lo~5.71
92.60L3.!M)

141.00~2.57
263.oo~3.72 6.52+_l.210
419.00~6.66 10.70~2.160
371.00~6.Otl 9.41~1.aoo
369.00~5.45 4.11~1.Mo

42.80~0.83
3.30~0.32

24.54~10.14 ,,, ! ; 66.10I_O.92 0.95~0.442
10.14~05.56 :. ~ i, 46.30~0.66 0.9910.300
18.68~07.7~ i] , 45.1OAO.7O 0.99~0. 361
32.08~09.3(1
29.07~09.97 ,.

~9.76
<31.25
<34.51

I ~2.95
38.53415.66
62.99122.45
41.88~17.42 :’.:
26.89~13.74

37.41~15.50
42.97~15.66
21.78~13.99

<16.50
45.90~24.96

25.0010.54

,, 4.6ti~o.35
8.00}0.20

%.55
240.00~4.49
198.00~3.15
197.00~2.97
186.00~2.63
123.00~1.96
154.00~2.51
132.0012.09
120.89~1.98

86.40~1.66
80.20~1.59
45.90~().73
94.of)l_l.33

276,00~40.5

2.18~0.990
2.39~0.960
3.27~0.ti30
2.05~0.740
2.32~1.000
1.8t,~0.820
2.64~0.760

0.!MIO.400
2.16~0.520
4.76~1.260



I

t

sampla K-40
n~ 11)

C8-137
Date

Ca-bo
. I)c@nl Pm IJu pc~~

s4h_EMQkg&hl (Colw)
Sampis SarloaL, PltJ@t)2&3Scn L-6

36-50 L-7
51-70 L-8

fo “~~1~~
Sampla sarlas B; Pit. 43

2.6-5.0 B-6
5.1-7.5 n-4
7.6-10 B-S

Sample sarico C; Plt 42 2.6-5cm
5.1-7.5
50-55

61-66
66-71

Ssmplo ●arias Da Plt 41
0-2.5

5.1-7.5 cm

7.6-10
11-15
16-20
21-25
44-48
49-53

c-l
c-2
c-3

c-5

C-6

D-n

D-14

D-7
D-1

D-6
D-5
D-12
D-4

4/17/75 32.67~11.4a

1

60.30~1.3oo
44.j6~12.13 27.20~0.?80

12.oo~o.520

4/14/75

‘l.51~0.263
1.55~0.241 o.53~0.29
2.00~0.250

4/14/75 5.30~o.340
4.51~o.340
3.97~0.360
2.26~3.210
2.14~0.350

5.34~0.360
7.25~0.3/10

4.25~0.330

1.99~o.270
1.52~0.310

b.84g.2ao
1.26~0.320

<0.33



I

Dcscr&lon lh Date pa jg pcl/~ [ICI/fi
&!2JJi_h!wlLhtUGQwA
6“ Cora noac u-2 S-8

6“ Coro nanr U-1 S-9
0-40 cm prOfllei S011 Pit U-10-5cmS-10

6-10 8-11
11-15 S-12
16-25 S-13
26-(10 S-14

0-50 cm~roflle; Soil Pit U-2

11-20 S-11
21-25 a-la

u 35-50 S-19
6“ coro, CIMI of ●sot transit 6-20
6“ core, Station B-1 6-21
0-50 cm COmpoalte station It-1 s-22
6“ core bctwenn station 1 ●nd 2 S-23
5 cm compoalte-3 samples bet.SLl&2 S-24
6“ core, Station #2 9-25
5 cm compoalta-3 aamplcs at St. 42 S-26

a-5
6-10

11-20
21-3s
36-45

46-!)0
51-60
61-70

6“ core batwiian ehort &St. #l#-l
6’8 core between St. #bI-l &u-2
5 cm compOtilla-3uamples St.#1

Jlidshorn
6“ core bc~wacn St. 41 ●nd

ehorellna

S-21
S-28
S-29
S-30
S-31
S-32
s-33
s-34
s-35
S-36
S-31

S-38

4/7/76

lo.oo~a.340
12.0()~0.450
03.3(i~0.220
04.14~0.290

2.700~0.220
3.06040.290
3.37u~fl.250
5.730~o.390

5.210~l. 140

h/8/76

0.927~0.679

11.lo~o.470
2.41J0.180
0.69~0.0!)5

79.00~1.020
9.3t140.350
9.!12~0.3d0
9.49~o.340

23.40~0.520
lo.lo~o.390
13.80~0.420

26.701_0.700

9.74~o.3Lio
4.52~0.240
3.5&l~0.220
1.63~0.lL9
1.5hlo.150
0.96~0.106
o.91,~().1f)7

5.87~0.260
17.90~o.440
11.3of_o.340

8.17~o.311

4.820~0.314
0.67010.119
0.219~0.075

157.CJOO~O.564
7.4oo~o.3Bo
3.8!)O~0.290
3.9f,()~o.2fio

6.710~0.350
1.390em. 190
2.910j0.240

5.730~o.410

1.310~o.180
0.76ti~0.135
0.677~0.121
o.161~o.06fi

0.135~0.056
<0,0807

1.380~0.160
3.36(1~0.240
1.430~o.155

1.42020.162



Table 2 (Cent’d.)

I

I

Location by Itilund-Atoll

6mspla K-40 C8-137
Dcqc_riptlon Jn Date

CO-(IO
pc t K ~~ pcl/j:

SOlli Roouelap-Non~~
9-10 profilo (150-2013 yda) s-1 4/~/76 16.50~0.380 o.410~o.085

12” profilo lant house esst end s-2

~

10.50~0.462 0.647~0.165
12” profllo bchiud JsIwe’o houso s-3 13.4oy).403 0.37L140.090
12’~ profils last houoo 6-4 7.081_o.334 0.110~0.065



~. Bikini; Biktni
Coconut Trot-leaves/North-2nd DL
Coconut Trea-laavas/Sauth-laC BL
Coconut Tree-leaves/South-2md BL
Coconut Trea-leavaa/Center-ROU 34.
COCOIIIIIFrond North-)mt DL
Cocouut Fron4-MorClt of Ilousa 437;
Coconut-Frond Pit C
Coconut-Prond Pit II

1 Coconut Meat V-120-A
$-* COcouut Meet V-120-B
~~ Coconut Illlk V-121
I Pmdanua~leavac North 3cd BL

i’nudmnus-ieaveo Pit 4
Paudanus frond lauoon goad-uo~~ea 35 & 36
pandanum fro~ 3cdBL- Sea
Pandanue frond houam 430
Pwdanua fruit-nortlwaat

EJtbla
Inedible
Corm

Pmdanua truit-Plt .4
EJlbla

Paudanus frUlt-l~600R Rd bet.

v-66
v-72
V-13
V-74
v-82
v-38
V-M
V-42
v-12DA
V-120B
V-121
v-67
V-90
V-31
v-32
v-34

V-89A
V-89B
V-89C

V-91A
V-30

v-35
V-36

4/11/74

i

4/1/74
4/16/75

I

4/12/74
J.

4/14/75
4/10/75

L
4/12/74

1

4i12/74
4/14/?5

4/!8/75

4L16/75

154.00~fJ60.50
<l\.oo

411.oo~122.oo
lM.oo~045.40

< 9.47

3.334001.31
26.30~005.!)l

1.17~000.61
1s.513001.47
16.60~009.42

52.27~011.73
lo.55_Mol.07

76.80~ 12.80

14.91~ 2.24

321.000~02.780
301.000~02.OtiIl
3M.000~Oi.320
838.000405.110
343.000~02.120

28.200100.484
55.500LO0.783

424.000~18. loo 204.0~12.50
lo.8oo~oo.455

177.000~03.120
J.5~3~o~.082

46.600~00.519
196.000-~01.370
159.000~02.130
46.700~00.837

115.700~01.600

327.000~02.340 21.21 3.43
284.000~02.41i0 11.1~ 3.62
549.000~05.690

425.000~02.330 12.o~ 3.31
945.Wo~Ll. &iLJo

422.000~05.210
434.ol)o~05.07L3



lItk~ (Cent)
Scavmla Icavec-tiorth
Scavcoh Iowea llouao 430
scaveola leavea Pit A
Scaveola Icaves Plt B
Scaveolo leavus Pit C
Scavcole leaves Plt D
Scaveole leavea Pit E
Scaveol.elernvca Pit F
ScavcolaleavOs Pit G - Bow 14
Scavcoluleaveo Plt 11 - 3rd b/1-N
Scatcwlaleavoa Plt L
ScavOOlalernves Plt H
Scaveola leaves Plt N
Scavde leavas nanr Palm Tree
Scavcola Icavca nallr 0s0s Well
Ieseaturo Pandanua+uusa #35

I%u 1t
Core
Stem
Inecllble

Pumpkin-llouca 440
kledi
Seed
Skin

6quash-llou~e 429
Arrow Moot Tuber. E of Nouaa 44
Banana Fruit behind Ilouse 424
Banana Skin behind Ilouse 424
Breadfruit leaves Pit I

V-68
V-71
v-l
v-2
v-3
v-4
v-5
v-6
v-7
v-0
v-9

v-lo
V-n
V-12
V-13

V-3A
V-3B
V-3C
V-3D

V-2A
V-28

V-2C
V-51
V-52
v-53
V-54
v-55

Iuenatura breadfruit MlindllaaeW V-4
Immature breadfruit bet. 11.16&17 v-6
Brcwlfruit-compoaltu of snmplas V-7

between llouuern 48 & 9

4/12Y74
4/16/75
4/10/75

I
4/16/75

1

4)5}76

1

4/5/16

1
4tiW5
4/17/75

J
4/18/7s
4/5/76

1
416176

25.97113.99

27.48~10.89
16.75~06.76
13.!39~07.84
14.41~09.52

a8.50

25.70~07.94

20.90~05.87
37.28~10.81

11.73_M2.24
32.08~05.44
65.8Q13.24
17.60-W5.27
13.60~02.85

llo.oy31.030
llL.oo~02.040

“137.ooto2.070
1460.oo@l.B(30

41i3.00~06.f.lLO
44ti.oo~05.790
352.00~04.980
243.00L03.370
393.oo~05.740

1103.00~16.300
179.00102.430

09B.20~01.440
092.30~01.2!10
130.oo~ol.770
172.00~02.350

649.00~05.790 17.4ol_5.50
1120.00~10.700

706.00~0ti.280
648.00~06.170 11.70~6.35

326.00~02.510 11.50~2.61
126.00_Ml.070
228.00~01.740 4.3222.13
232.00~03.510

1250.00~19,800
30.20~00.330
56.90~00.973
.29.70~00.985

159000~ol.370
85.30~00.730

191.00~01.860
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Puudanum

Pandanua

?andarma

P*n4anua

Pandanus

Pandanua

Fruit
Stem

Cora

Incdiblu
rru 1t
stem
Core
Inedible
Fruit
Stew
Core
Inedible
Fruit - edible Trco 42
Inedible - TrCa 42
Fruit Edible
Inedible
Fruit Edlblo Tree #1 E
Inedible
Fruit Wllble

V-26Cl
V-26C2
V-26C3
V-26C4
v-26ul
V-26B2
V-2683
V-26J)4
v-26A1
V-26A2
V-26A3
V-26A4
v-kJ6A
v-86u
V-85A
V-85U
V-84
V-84A
v-26Ei
V-2GE2
V-26X3

v.69
v-lo
v-w)
V-fJ8A

V-118
V-119

V-81

V-87
V-fJ7A

4~3/76

33.60~09.04
11.lfJl_05.04
15.ooyl.f14
31.90~05.90
63.40~17.0(1
12,10~02.26

3.17~ol.18

4/4/74
.4

4/:/74

4/3/76

1

4/6/74

4/12/75
&

4/6/74

4/1/74 ●.
&

6.09~cJ2.50
9.65~01.25
7.54~01.88
6.63~01.37

.ll.ooy2.2!7
~.13

10.8OIO3.3O
29.t30j09.80
11.00~02.60

9.30~01.69
7.48102.36
8.23~01.81

6.65~01.60

17.80~01.72

1.58~01.32
?.69~02’.53

117.00~1.270 6.23~1.65
120.00~1. 170
235.00~2,060

89.30~1.Mo
6!).90~0.430
56.20~0,820
96.60~1.540
39.20~0.400
18.70~0.200
35;30~l.650
50.70~1.290
lo.80~o.2oo
23.50~0.240 -%.87
12.30~0.240
3il.20~0.300
25:60~0.340
72.40~0.64cJ
5tl.50~0.600
72.30~0.670

112.00~1.230
50.60~o.440

3.7310.174
22.60~0.310
14.90~0.243

191.oo~l.410 13.7~2.03

5.26~0.320
l.ol~o. 143

15.70~0.240

20.20~0.214 <(). 89
21.20~0.310



Table 3 (Cent’d.)

1

E
1

Lticatlon by lul~ud-Atoll

sample ~-/,t) CS-137
l)cacrl~tlon 10 Dnro pc 1/fi p(:l/~

~~. lltlrik-l~tirlk (Cont)-—.—..
Brttadfrult akin & carei V-92 4/5/74 17.70~2.26 11.90~0.265

Jakaa Mouao
Breadfruit Ihllble: Jukaa Ilouae v-93 4/5/)4 13.00~1.06 9.374_o. M4
Arrowroot - akin eatit CIIIIisland V-94A 4/1/74 16.20~3.8h0

Coconut Copra V-104 1
Ylwcmnn Uwha: Utitho

6.71~0.210
---

Pandanua Fruit - edible V-106A 1.L18~2.80 3.46~0.262

Breadfruit akin & cora V-107 4/19/75
Breadfruit ■eat V-108

I

9.5521.92 1.04~o.143
Coconut milk V-ill 1.36~0.260
CoixIwt west V-112 . 3.74~1.04 l.lo~o. 120



“cable 4

Saloplo K-40 CS-137
Drscrlpt{on— —. 10 I)nte pcf/~ pcl u

Cntchamnt Sctlimcnt-Blklnl
--mGa35

~:$1::[$~ 4/5/76
19.20~2.04

Ilolmo 130 63.00 ~1.93
t10U8@ 425 SedItnent 13 38.4033.09
llouaa #15 Sedlumut45A 42.tlo ~1.09
IIome #15-1 Sedlnient#2~

Sedlmtint#4
36.30 ~1.21

Ilollse 420
Sedlmwt#6

18.00 ~0.72

110U60 410 20.50 ~1.20

WATER - Bikini
1

pctll
M-4
W-5

U-4 4/6/76
U-5

1.920~0.3fi6

w~1 & 0.6tiI~0.315
u-1 4/4/76 1.06 X 10-4~9.71x 1o-5

. -,



Table

Lacaciou

~ (Cone’d)

by Lsland-Accill

Caic~aentSediaenc- Bikini
Xouse ~13j

.Uiiz3L: 3iku-ii-3:ki2i
WliiaC (“liscera) F-lc

-25-



Till.) Ie 5

I.ocal.lmby ltil~nd-Atull

Snmplu K..f,~ CIZ-137 (%-60
In— .—

Mackiircl (Scalefi) Legoon
tiackerel (Plash) LSBOOII
Mackerel (Viscera) La&oon
Mackerel (Imnet, 8111o, hea~LaUoon
Trlducne L*SU

F-6A
F-6U
P- 6C
F- 6D
v-J

12/8/74 10.60~3.02
19*40t_3.47
11.9043.95

5.49~2.21
11.40~2.49

11.90~2.35
11.50~2.17

9.34~1.97
lo.lo~2.14

7.oo~3.oo
4.05~1.62
4.38~1.76
8.05~l.48

16.90~2.22
7.22~1.68
6.6711.55
3.5L~l.14

4.3821.23
15.00~2.04

5.7831.44
3.03~1.29

13.40~2.56
8.34+_l.96

17.7012.58
9.36~2.33
5.29~1.72
4.fiO~l.42

1.610~-o.461
2.510!.0.311
5.oio~(J.933
1.5WI0.452
1.210~2.210

1.420~0.28fJ
1.320~0.2L6

2.390~0.349
2.610~0.3t11
1.65010.456
tJ.tllo~l.12(1
3.320~0.4fi(I
J.oLo~o.4M
1.630~0.2f,l
1.120A0.233
4.520j,0.445
4.17010.411
o.901~o.174

1.98010,264
1.770~0.254
3.330~o,350
1.650~0.263

1,

0.608~0.126

0.4331_0.161
o.4a)~o. 170

0.674~0.139
0.481~0.112

t’- 3A 4/14/15

Anlml. Bikint-thm

Mullet (FleYli) P-1A

Mullet (Bone)
Hullet (Vlecera)
Mullet (Fin. Scaler)

F-lB
P-lc
F-ID

Snapper (ScaIee)
Snapper (Flesh)
Snapper @lacera)

P-4A
F-4n
F-4C 1I

Snapper (Bone)

~nlmdl . Blktni-EndJQ$

F-4D

Conv. Surg (Scale.) Weot End Reef
Conv, Sur8 (Flesh) o

Conv. Sur8 (Vtacers) lb

COW. Sur& (Bones) u

F-5A
P-5U
k’-5c
F-5D

12/9/14

Animal. KUaJalein. kwJ

Coconut Cc.ib (Shall)
Coconut Crab (Meat)
Cocomt Crab (Vlacera)

P-8A
F-8B
F-8C

Parrot visl~ (Pled))
Farrot Fish (Scales)
Pnrrot Ulmh (Uone)
Purrot PlslI (Vlsccra)

12/fl/74F-2A
F-211
k’-2c
P-2D



/-’

1

1

“1’,11,Ic h

I.(.)cutlou hy ltild Id- ALoll

smap10 Sr-90 PU-2M l’11-239/240 AIII-24 I

hscrlltttm I 1) 1);1[6! pcl f, pgK/~— ___IUx!# _.pgt /l’.. -----

m? i__Mm!kJm.hl
!imuple tierien A, ?lt M O-2.5 Cm A-1

2.6-5.(I A-2
6-10 A-3
11-15 A-4
15-25 A-5
26-35 A-6
36-70 A-1
71-100 A-8

Sample scrlcs K, PltK O-2.5 Cm Ii-1
2.6-5 E-2

6-10 E-3
11-15 E-4
16-25 E-5
26-SO E-6
51-?5 E-)
76-100 E. a

sample ecriea F, PltL O-2.5 cm F-1
2.6-5 r-2
6-10 k’-3
II-15 F-4
16-25 F-s
26-50 k-6
51-75 P-7
76-1oO i’-8

SWII)1O series C; Grab ampleu c-1
SmMplc tserlea11;Plt FO-2.5 cm It-1

2.6-5 N-2
6-10 N-1

11-15 N-4
16-30 N-5
31-50 N-6
51-70 N-7

6“ core b~tucen houeee 14 & 15 s-5
6“ core 31) ytlti N.of houso #24 s-6
6“ COI”C Not hot gr~a s-7
Ilollue#41Jlhltit D-1

4/i)f]5 01.3410.81
67.lb~O.74
39.76~0.40
31.62:n.3a
30.32~0.30
21.14~0.27
2).72~0.22
8.5410.12
‘94.ol@.94
120.36~1.21
lwo!J9~l.5L
lnl.53~1.02
131.62~1.32
54.os~o.54
1.61~0.07
o.l(l~o.nl

162,66~1.63
216.115~2.19
323.llt_3.23
2>1.25~2.57
159.2611.59
21.35~0.36
6.05~0.15
1.lllii~.09

16.w~2.20
09.04{1.80
o.4. lHlg).tio
02.29!().46

0.52J). lIj
0.32~).]0
(). l()tJ).()”]
0.00).04

10.21~).07
l.lo~.~1,

14.!J41_2.9fl
4.151JI.96
4.8M31.91]

O.lMIJ.(M,
o.092jl).()(J
0.014!().()]
22.56Q.52
2~.03j2.~~
42.32qef,()
27.50g .50

6.&9}I.31j
o.l(12j .()’J

80.0251 .~2
o.o14~().ol
2.02010.40
44.92”~2.01—-

1
527.5215.73
513.42!5.73
562,61~5.63
394.5913.95
lo.67~o.17
4.66~().12

4/5/76 45.06i_0.49

1

7).0[)10.63
123.tIti~().74
7.16~0.15

7.4140.96
0.106+_0.021 1.829~0.0U2



I

IIouma #zoo Ihst n-3
l#OUOe 425, Ouet n-4
IIOUC8 420, that D-5
House $15, Ihlst D-6
Ilouse #lo, Ihlmt D-1

Sample SerIeM I, pit u o-2.5 Cm II-I
2.6-5 B-2
6-10 B-3
11-15 II-4
16-25 U-5
26-35 u-6
36-50 B-7
51-75 u-n

SaeIplti aerles J, Plt C 0-2.5 cm J-1
2.6-5.0 J-2

6-10 J-3
11-15 J-4
16-30 J-5
31-50 J-6
51-)5 J-7

Sample uerlea K, l’lt 11 0-2.5 CIIIK-1
2.6-5 K-2

6-10 K-3
11-15 K-6
16-25 K-S
26-35 K-6

36-60 K-7

61-?5 K-B
76-ltIO K-IJ

Sample serlcti L, Pit J (3-2.5 w L-t
2.6-s L-2

b-lo L-3
11-15 L-4
16-25 I.-5

4/51j6

I /

4/6/)6

.,.

4j17t75

b

26.41~1.olj

29.il~l.69

43.04~0.6?
5?li.83t_5.19
535.1415.35
869.3418.69
565. 32~5.65
242.72t2.43

22. lo~o.22
O.f,hb -
o.36~ -
3ti.lM~o.39
45.50~0.46
35.54~0.36
42. lti~l.ol
31.36~o.41
14.82~0.34

I.eof -
198.33~~.9~
191.~5~1.92

lJ5.32~1.?5
193.87~1.94
1130.36~1.80
206.4/,22.06
2[)5.14!2.05
191.5MII.92

y,.~t~().zft

1 ~5.5~1~1.36
titi.42~o.B3
60.4>i_o.61

10U.65~1 .09
373.69~3.74

.283~0.066 1.71010.20

.02710,020 3.569~0.41
39.810~2.90
53.600~2071
60.180~2.j”]
21.730~~.J5

1.320-~a~fj
o. 220.!().~()
0.009 -
0.o14 -
6.530t_0.53
7.14041.]4
6.030~0.]z
4.760~().NI
5.9201J).66

0.0231j).(J:]
16.2501_I.25
17.3009.55
15.7301J).9~
19.\003).1]]
14.620~j.]5
15.2tN)g.~[)
12.9109ja~3
12.140g.~~
0.133 -
7.twfllJ~.7~
7,tiM)J)e94
5.120~).(,~

13.o’IoIJ.52
24.9)()~1.(pJ



I

1

‘ruble 6 (Colil’ d.)

bcittiou by I~l~ld-Atoll
Pu-239

SAlkll] C sr-90 Pu-238 1’U-240
lhllcrl~t Inn In lhll’c—— —. pcl/fi pci /g pcl /l:—

‘36-50 - I.-7
51-70 L-0
71-100 L-9

101-120 L-iO
S~lli Eit~tt-Ulkll)l
=ple iicricsB; Pit. 43 30-35claIi-1

(.)-2,!) it-2
61-66 B-3

5.1-7.5 U-4
7.6-10 0-5
2.6-5.0 B-6

Samplu ~cricw C; Pit 42 2.6-5cIa C-1
5.1-7.5 c-2
50-55 C-3

7.6-10 C-4

61-66 c-5

66-71 C-6

O-2.5 c-n

35-40 C-9

251.94~2.520
149.ool_l.490
28.801_0.290

0.36~Oa020
“0.5730.040
o.!)o~ -

0.413 -
1.244_0.074
o.45~ -
1.On~O.060
1.61~0.070
1.16~0.080
3.1840.110
3.16~0.100
3.ti2~0.070
~.uf,~o.l~t-)
~.oo~o.oilo
4.12~0.140
3.91:~o.olo
4.301_0.160
lo.4fl~o.120
9.7u~o.lflo
tl.3n~o.150
5.30~,0.120
4.1310.080
4.46T~0130
6.21~0.110
5.31~o.13J

0.0041 -
0.009; -

0.0043 -
0.16(3~[).]0
o.oo5~ -
0.270~~)-~5
o.250g).2[)
o.lno~():]()
0.670~().55
0.560~().z~
0.JN03).24

o,640~().3~

0.0901 -

o.050~ -

0.0094 -
o.oo8~ -
0.710~).60

1.200~0.33



1
L.b
o
I

Samp1u
l)cacr~~ I 1).—

06-91 D-2
59-63 D-3
49-51 1)-4
21-25 n-5
16-20 D-6
7.6-10 D-7

2.6-5.6 II-8
54-58 n-9
38-43 D-1o
o-2.5 D-II

44-/,8 D-12
‘Ccaqlt D-13

‘W-1.5 Cla ~-]/,

PU-239
Sr-90 PU-2N 1’11-240

[liltu p(;i [g @cl [& pcl /g

3.92~0.010
o.45~ -
1.34~0.060
2.64~0.090
5.41~o.olo
5.32~0.010

10.5):0.170
6.34~0.150
7.42~0.150
1.9(J~o. loo
4.78~o.llo
7.65~0.150
3.36~0.100

.
11.80~o.390

o.345~n.27
o.210~().15
o.oo4~ -
o.o14t -
o.045~ -
0.35/140,33
0.302~0.M
1.670~().lM)



.-

Snlup1(i Sr-90 PU-230 1’11-2’19/240 Am-241
I)escrlptton 111 lhtc p(ct!fi

~Jl~&lll-RJjll!~~m
—— . P(J1 K MMi____ —.ycl!~

6“ Care ntiar u-2 s-8

6“ Core near V-I $-9
(J-4(3cm profile; soil rlt u-l O-sclss-lo

6-10 S-n
11-15 s-12
16-25 S-13
26.l,f) S-if,

0-50 Cmprcf:lc; Soil Pit W-20-5W3 -15

6-10 s-16
11-20 s-l?
21-25 S-ill
35-50 S-19

6“ core, end of ea~t tranblt S-20
6“ core, end of catit trausit S-20
6“ core, Statlcm E-1 S-21
0-50 cm Composite station E-1 S-22
6“ core bccuecn at~tlon 1 and 2 S-23
> cm cornposlte-3 samples bet.St.l&2 S-24

6“ core, StatIon 12 s-25
6“ core, StaLlon 42 S-2i

5 cm compotiite-j samples aL St. f2 S-26
!)-70 CIIIprofile; St. ff2 SO1l pit
n-5 CM

o-5
6-10

11-20
21-35
36-45
46-50
51-60
61-70

6“ Cbrc hL!ltJticII tihore 6 St. #W-1
6“ core IJCLWMU SC. dU-1 &14-2

5 Clu wlllpotillc-3 Uiwplcs St.fl
illldSllolc

6“ core l~ctwecn St..#l awl
tillt)i’til l(I(!

S-27

S-27
S-28
S-29
S-30
S-31
s-32
S-33
s -y,
s-35
S-36
S-31

S-38

4

50.1011.35
Iifi

11.2010.62

11.oo~o.71
15.70~o.?o
19.70~o.u7
01.6L?~0.45

NA

4ftJ176

1

55.57~o.79
35.25j0.42 11.9ojo.5tJ
22.14~(J.50 10.’H(JI(J.69
21.11{0.54 11.30!(J.\6
56.4)~iJ.16 21.9u:0.921

261.5911.17

57.1930.54

il. JIJ.l(J.79
4!).5210.50

4ii.63-~o.50
6y.4J,~.60

f)tl.04~(J.57

47.5110.50
3].457(J.4(,
Iul.tiojl.oo
llJtl.74flo45
>11.59!0.56
67.1410.61
54.10!0.51

105.5710,74
75.30~0.64
&4.22~1.(J2

9n.70~o,71
75.30!0.62
77.01!0.64
f13.fJoJ_l#41
14.62~().W
14.69~(J.39
9.!J31_o.33
4.54~0.22
3.33~o.19
3.o(J~o.17
2.72!0.16
24.4610.51
25.tJO~O.50
15.;n~ti.41

lL.22~o.36

2.74~0.k8

10.60~0.56
9.31~o.55
6.32L0.45

.15~o.37
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‘1’.ll)lt!/

!, 1 , l.OCiILILJIIhy IsIuINI-ALoIJ
,$,

.,., sample Sr-90 PII-238 Pw-2’J9/240
Ik!$lcrlpttc)lt 11) ])lil c ,JICJll: p(:i U pcl/lJ ——. .—

?J. lilklut~’ulklill ‘— —.
Cocouut FFoqd-Nu~tl) Qi [~o~sQ,’~31. , $V-38
Cocouut-Fro~\4 P1t ~ Y-40
CocOnut-Fron~ Pit N V-42
l’tind;tnue frond lagoon COad-llounca 35 & 36 V-31
Pmdanus frornl3rd iiL - Scia v-32
I’andanua frmd Itousc 430 V-34
Pandiiuua frull-lo~uon I@ bet. v-xl
Ilmlsed 435 & 36
PMndanLIafruit Jrd-baselllie v-33
l’nndmua fruit-l,ouue 430 V-35
I’andanue fruit-lagoon road v-36

behtml’houee #3o ~

Mesaerachmldla leaves Pit A 4 v-17
Ilotisticschmidta Icavea Pit C ‘ v-lb
Mestierschddla icavca Pit G V-19
Mcsscrschmldla leavca P)t I V-20
Nesscrschwldlti leaves Plt ti V-21
Metisersclmidla leaves Plt N v-22
}Iesserschmldia leavca V-23
South mad W of Blulker
Mctserochmldla Ieavea - USGS well , v-24

Pdptiya (Iwnaturc) N of Nouue 425
Erllit :, V-5A

Papaya Fruit - bchlnd Nouait #24 V-47
PdpilyaFruit - IJCIIIIMIIhmae #21i v-49

,! h~16J)5 34;21~0.620

1’ 13,85~o.3oo
34.)3y3.450

4/i4J75 402.16~4.020
1 t,/1U~]5 4jo.~7~2,600

1’ 41.4610.456
4/14/75 199.32~1,99(3

4/18/75 193.60~1,936
~ ., 38.32~0.3fI0

[ 4/16/75 34.17~0.3b2

, 4/ ,/73 14.62~0.16
,j13.60~1.14

~, 35.2Q~0.35
97.75+J).98

3n4.05~3.84
Io4.19~1.04
56.67~0.57

4/16/7S llQ.54~1.11

4J~l_16 7.09~0.20,

4/:M/?5’ 79.19~o.n7
74.28~0.74

o.12sy).1(}
0,09?4 -
o.029j _

().()!,f,~-
0.0311 -
(J.074i--
O.oiol -

,.
o.ooi~ -

,o.oo2~ -
q.olo~ -

o,070~ -
,’ 0.182@.12

o,417~o.y)
0.459~).21
0.851J~.’M

, 0.671~).~1
o.ltJllJ).)1

0.9853).60

o.ool~ -
0.0094 -



Ttllllc7 ((:0111 ‘{l.)

l.ocaLItiIJby lsland-AIoll .
Pu-239

!iwuplc Sr-()() Pu-238 I’ll-240

Ilcscrtptton 1D D.tt ~’—— -. pcilg p(: 1Ifi pcl /~———...——

v-1

v-2
v-l
v-4
v-5
v-6
v-l
V-8
V-9
V-9-I
v-lo
v-i]
V-12
V-13

V-3A
V-311

V-2A
U-51
V-52
v-53
v-S(,
V-55

4/16/75

1
4/51?6

1

1
4/6/?6

f47.07~o.41
16U.56~1.69
162.93~1.63
127.39~1.27
80.90~(3.81
31.64~0.38
50.5430.!)1
166.09~1.67
124.60~1.25
155.05~l.5s
49.2310.49
3ti.64~0.39
31.35~o.31
39+66~~.40

172,36~1,09

64.08~0.64

9.62~0.22

5.31~o.14
!J.69~0.135
9.33~0.23
90.0040.90
377.8u~3.7tl
tIO.97~0.65
41.31J0.35
t,tj.oy~().5u

0.0031 -
0.239~().]5
o.oo2~ -
O.OIM: -
ool/,B~(j.J~
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‘rable7 (COi~t’d.)

Locdtlon by ltiland-Atoll
sr-90 l’11-239frtt-240

l)cscr~.n Snll c nlltc ~!cI t! .l!c!flL

YUmLILlm;_JhNwJllklul
Scnvwla leaves Plt 41
Scrnveola Ieavus Pit /2
Scavcola leavea Plt #3
tlcmaar~clmldla leiivos Pit 41
Mesacrrnchmldla leaven Pit 42
}Ieoscrachmldis leaven Plt ~1
Hcsseracheldia fruit Pit 41
Iieaserschm]dls fruit Pit 43
Pandanua-fronJ;CsU,pB)ardy, la800nro~d

l~Uf2L&ClQn: NanUlklnl-
Scsveola near coil pit ●t St W-2
Scaveolsbetween St. W-1 &U-2
Scaueolaneaxs011 pit at St. Wl
Scaveo)amhlwaybetuuen beech & St.

9U-1
Scaveolabeyond E!-2-enJ of eaut t/s
Scaveola near E-2; east transect
Scaveola between E-1 & E-2
Scaveola near E-1 (Eaat transect)
Scaveola between shore 6 E-1
Wuaerachmlda ●t St. #U-2
Nesueruchmlda between U-1 & U-2
Measerrnchwlda near St. W-1
Mcatierachrnlda near mOll pit, W-1
}Iensersclwildm midway betwuen beach

h u-1
tic~aerbchwtda Eatit transact neer E-2
Hcm-erschmlda “ between l!-16S-2
tlernmtir~chtuida ‘0 near E-1

Mcaaerachia14a “ betueen ●hora
& E-1

V-lfb
V-15
v-16
V-25
v-26
V-21
v-28
v-29
V-56

v-8
v-lo
V-14
V-IS

V-17
V-19
v-2ti
V-21
v-24
v-9
V-n
V-12
V-13
V-16

v-la
V-21
v-22

v-25

4/14/75

4fu176

14.69~0.210
6.11~0.150
1.82j0.075

19.42~().2!)0
50.81+_0.510
31.24!0.370
4.311~().350

16.78~0.500
6.10~0.210

104.29i_0.ti30
19a.09~l.450
89.38~0.980
98.23~1.040

175.21~1.320
103.1931.040
93.5310.960

111.96~1.130
62.12~0.840

321.81~1.520
258.32~1.800

74.83~0.820
167.93~1.410
191.65~1.500

3ol.50~l.9oo

133.62~1.240

().oo74_
o.oo!)k -
o.023~ -
G.001~ -

o.olo~ -
o.oo4b -
o.oltl~ -
o.oos~
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Table 9

3ikid 53.5 1.4 ?.& 12 77.2 ~.~
Sam 71.2 - 14.0 3.1 17.k 16.1
tingelao 15.3 . l.az - 11.9 o.~

Table 10

Soil Profile

%L RlghescConcenc:acioain pCilg DV Keighe

Bikini 328 32.3 . &5.3 229 S.&
Y- L38 . . 0.93 18.6 3.9
Eneu 7.9 0.93 - - 4.9 0.5

Table 11

!4essersc?midia
.

3ikini 114.6 0.5 . - 426 2s. 9
Xm 207 . - 11.9 238 9.5
Eaeu 25.7 0.01 - 17.k 6A.9 6.7
Zaiaitok - . . 7.s 22.6 -

TabLe 12

Pandeaua - Edible
.
‘sL

3Lklni 235 0.50 . 14.9 A02 16.5
Roagelap 2.51 . . Io.k 55 6.2
%lia;tou . . .
:tizik

. L91 13.7
. . . 1.5 m 0.3

‘Joeho . . . 7.9 3.5 -



3;klni 91.5 0.25 . 19.7
Yam 115

365.4 -
. . 10.5 77,7

beu
LO.4

7.5 0.01 L5.L 22.3 -
RoagQLap - - . 9,1 9,1 -
KaDelle - . 17.3 15.7 -
Eaiaicok - . - 9.3 3.7 -

CoconuC?eac
T
-s, Avera~e Cotieeritzacloa in ?Ci/g DFy Veighc4.

31ki3: - - 14.3 94 .
Eaiaitak - . . 6.7 5.3 -
Rongelap - . . ::.s :9.2 .
;74-+4ta.-k- . . . 6.7 -
3igej . . . 19.7 0,:3 -
UO cho . . . 3.7 1.1 -

Tsole 1S

3iktii 56.8 . . 15.6 116 -
Mmgaiap 1.6 . Loaa 29.9
Ealaitok - . - 3*Z 14.9 :
Utirik - . - 15.4 LO.6 -
VOeho . . . 9.6 1.2 -

Azowroot

I
s. Averag* Caucencsachm in pCL/g Dry Weight-.

%3 sr.Jo Pu-239/XO h-231 x--o C3-137 CJ-90
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A3STRACT---- -— -_

External radiation measurements were made at several atolls in the
northern Marshall Islands, which are known or suspected to have been the
recipients of tropospheric fallout during the Pacific Testing Programs.
Sufficient data were available to ascertain realistic dose predictions for
the inhabitants of Rongel.apand Utirik Atolls where the 30 year integral
doses from external sources exclusive of background radiation were 0.65
and 0.06 rem respectively. These estimates are based on realistic life-
style models based on observations of each atoll community. Ailuk and
Yotje AtoLls were found to be representatives of regional background radia-
:ion levels.
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Introducctsn

In 1976, Brookhaven National Laboratory initiated a program of exterzal

radiation survey for the RongeLap, Rongerik, Ailuk, WOtje and TJtlr~k Atolls.

The purpose of these surveys was to provide sufficient information concerning

the ambient radiation levels resulting from the mid L950’s weapons testing

program to make external dose calculations for the individuals living in the

suzweyed areas. During the last two years, sufficient measurements were made

to provide external dose infomnation for most of the populations in the region.

The data from Rongerik, Ailuk, Uotje, Rongelap and Utirik Atolls were

acquired during trips in September 1976, -y 1977 and October 1977. All the

exposure rate information gathered from these atolls was obtained with a pressu-

rized ion chamber.

The equipment used in these studies consisted of a Reuter Stokes Environ-

mental Iladiation!40nitor,Model RSS-111 and a samma spectroscopy system consisting

of a sodium iodide detector coupLed to a portable multichannel analyzer. Environ-

mental exposureLevelswere assessedvia the RSS-111,and the NaI gamma spectro-

meter was used to determine the energy dependence correction

%SS-111 instrument.

The field trips were staffed by BNL personneland guest

institutions. Participantsare listed later in the report.

factors for the

scientists from other

This report represents alL oi the external exposure data collected to date Jy

3N’Lfrom these atolls. From these data, we have made external exposure eStiX~eS

far the people living on Rongelap, Ailuk, Wotje and Utirik Atolls.

-2-



Instmmencation and Yetb.ods

A) Ion Chamber !feasuremencs

All environmental exposure rate measurements were obtained using a Xeuter

Stokes environmental radiation monitor model MS-111. The instrument is

designed to measure environmental radiation as low as 100 -Rad/year.” The

RSS-L1l consists of a spherical high pressure ion chamber filled to 25 atmos-

pheres of argon. I~cident rsdiation produces ion pairs within the active

volume of the chamber which result in a curyent flow. The current flow is

measured by an electrometer and is directly related to the free air exposure

race (i).

The active volume of the stainless steel ionization chamber is known to

~):’:. The current produced in the chamber is a function of incident radiation

f=gm an external field,cosmic rav-resuonse and contamination found in the

stainless steel. The equation relating instrument response to energy of the

incident radiation is:

Rj =

where Rj s

!cj=

Ij =

&.

Kc =

Ic =

KjIj+Ra+KcIc

current produced in che chamber by the incident

gamma field

proportionality conscant stating the variability of

instrument respcn~ to the energy of the incident

gama field

intensity of the gamma field in .R/hr

current produced by activit;~in the stainless steel

proportionality constant for cosmic rays

intensity of cosmic rays

-3-



For a given ares, the values of Kc and Ic will be constant

Since we measure R~, the only unkn&n are Kj and Ij. The value

detemnined once the ambient gamna spectrum is known. Data from

aLong with w.

of Kj can be

the manufacturer

indicates an error of as much as 6 to

not made to the gross readings.

The RSS-IIIS used in this study

10% could resuLt if energy corrections are

were calibrated at the factory using radium

sources

bration

use.

whose calibration is traceabLe to the Xatioual 3ureau

of the instruments were aLso checked by EML (formerly

of Standards. Cali-

HASL) prior CO field

Enerzv-3e~enaence corrections

In the 1977 surveys, 3NL used a sodium iodide detector, whose output was

coupled to a multichannel analyzer. The purpose was to enable the BNL team co

acquirespeccraof the ter:estriai background radiation at one meter above the

surface. This was done at the same height and in the same areas where the RSS-111

measurements were taken. Consequently, energy dependence factors couLd be cal-

culated by examining the enviro~ntal gatmnsscan for the energies of those

most predominant in the terrestrial environment.

The equipment used to accomplish this part of the work was a computing

nucLide

Gamms

Spectrometer, Model LEA 74-008 w1l built by Lamence I.ivemnoreLaboratog (2).

The system uses a Harshaw 5.08 cm diameter x 5.08 cm thick NaI(Tl) scintillation

detector. The spectrometer can be operated fromAC power or on internaL batteries.

Spectra are visually dispLayed on a CRT, and transferred to magnetic tape for

storage. Using the math package with the system, each spectrum was examined in

100

the

KeV increments, and folded into the RSS-111 energy response curve to determine

energy dependence factors.

The range of factors rvsededto compensate che RSS-ILIresponsedue co energy

-4-



dependence was 1.01 to 1.05. The mean correction was approximately

auentlv, we felt no need to correct the remaining 1976 or 1977 data

minor energv dependence enc~untered.

Res!ults

A total of 112 RSS-LLL measurements were taken on five atolls.

1.02. Conse-

for the

Each data

point is the average of at least 20 individual readings. This assures the

precision of the value while the initial calibration guarantees accuracy. The

one sigma error is on the mean exposure race. All sxposure rate values include

naturaL background except where othemise noted. Figure 1 graphically presents

the data obtained at Eniwetak Island, Rongerik Atoll. On this island, random

measurements were taken along a central zorthsouth transect. Table 1 presents

the raw data collecced with one sigma error. The average exposure rate for this

isLand is 6.3 -R/hr. This is about 1.5 times higher than the cosmic/terrestrial

dats rate found on uncontaminated coral islands. Eniwetak was the island surveyed

in che Rongerik Atoll due to presence oi U. S. servicemen at the weather station

there at the time of the BRAVO fallout incident.

Tables 2, 3, h, 5 and 6 present the raw data from Rongelap Atoll. The islands

surveyed were Kabelle, Xaen, Eniaetok and Rongelap. Naen is located at the

nor~hwest corner of the atoLl, and Kabelle at the northeast corner. Kabelle is

a significant copra resource; and both of these islands may be used for brief

visits, but neither of them is pemnanently inhabited. These islands received a

significant amount of fallout debris and consequently, are still substantially

more contaminated than the islands of Rongelap and Eniaetok, Located in the south-

east and eastezn parts of the atoll. The current values for external exposure rates

on these islands are Listed below and in Table 14. The entire population presently

Island Average Zmosure !tatein -R/hr

Xaen i3.1

KabeLle 21.7

Eniaetok 9.9

Rongelap 7.3

-5-



lives on RongeLap ZsLanci. The people obtain most of :heir food from $longelao

wi:h occasional supplemental trips to Eniaesok and to och~r southern islands

in the a~ol~. Little cr no acclivitiescurrently takes pLace on !iaen or Kabelle,

or other islands in the north.

FiSure 2 is a graphic presentation of the

rates along the main road of itongelapIsland.

measurement points and,exposure

The exposure rate is fairly

uniform averaging 7.3 _Rt’hrover the island. This is about twice the background

radiation Level of uncontaminated atolls in the Marshall Islands.

Tables 7, 8 and 9 present the data for the islands surveyed in the Utirik

Atoll. These islands, Aon, Eor*~kkuand Utirik, represent the major islands within

the atoll. AorI,located in the southwest corner and Utirik located in the south-

east corner of the atoLl, are the major areas for living and food production. The

external exposure rate for all these islands is about L _R/hr, i.e., very near

the regional background Level.

Tables LO, 11, 12 and 13 present the RSS-111 survey results for ‘Jormejand

Wocje islands of Wotje Atoll and for Bigen and AiLuk Islands of .Ailuk Atoll. These

islands were surveyed to deternine whether they were representative of baseline

external exposure rates for the }farshallIslands. The individual island averages

are found in Table 14, but range from 3.7 -R/hr to 3.9 -R/hr. These exposure rates

are about the same as that for Kwajalein and other areas aot exposed to gross con-

tamination from fallout; we assumed them to be representative of ambient background

radiation levels for the region.

3iscussion of Results

The average exposure race as neasured for each island is listed in Table 14.

In all areas, except for Rongelap Atoll and Rongerik Atoll where only Eniwetak

~~~and was visited, there is essentially an unifora exposure race within the islands

of a given atoll. For ivpothecicaL inhabitants of Eniwecak IsLand at Rongerik Atcil,

(
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and for the ?eopLe Living at Cti~ik .ltoil, external dose estimates were made, and

the results are presented in Table 15. These dose estimates were made based upon

the foLlowing assumptions or observations:

L) The exposure rate was relatively uniform throughout the atoll.

2) The average exposure rate represents the average for all islands within

the atoll.

3) Wotje and Ailuk AtoLLs are representative of&qatural background in the

Northern Marshall Islands.

It is difficult to estimate an externaL dose for the inhabitants of Rongelap

Atoll apart from typical residents who spend most of their time on Rongelap Island.

The reason Lies in the nonunifom distribution of radioactive material from island

to island within the atoll. tiiilethe southern isLands of Rongelap were determined

to have unifon exposure rates on a per island basis, there were significant dif-

ferences in the exposure rates between isLands and substantial heterogeneity in

exposure rates on any given island in the northern sector.

In UCM 5L879 Rev. L (3,4), this problem was approached by estimating the

fraction of the time that an individual spends on various activities. This esti-

mate is reprinted here as Table 16. Using this as a basic assum:jtion,we have

constructed external exposure rate estimates for the various living activities

based upon our measurements reported in TabLes 1-13. The value for the lagoon

exposure rate was assumed to be the same as that for uncontaminated atolls in the

region (-3.7 ~R/hr)c The value for “other islands” was obtained by assuming that

tfi.eXarshallese would spend an equal amount of time on each of the other islands

which we surveyed. All other estimates are made by taking the average of all

measurements made within the area of interest.

-7-



Table 17 represents :he exposure race at each pattern of acti.rityas listea

in Table 15 calculated assuming 100?.occupancy ior Ronge!ap Atoll. Table 19 “

presents an estimate of the expcsure rate for each age group, weighted by the

percent of time spent in each area for inhabitants of Rongelap Atoll based on

the Lawrence Livermore lifestyle Model (3,4). Summation of the exposure rates in

each area provides the average exposure rates to the Rongelapese.

Using the average hourly exposure rates, the long term externaL dose was caL-

cuI.ated. These data, presented in Table 9 for Rongelap Atoll, have been cor-

rected for background (terrestrial and cosmic) radiation by using the average

exposure rate of ‘Jotjeand Ailuk Atolls as a representative sample of the normal

(unexposed) Marshall Island environment.

We feel that this is a very ccnsemative estimate for Rongelap Atoll since

the people rately visit the more heavily contaminated isLands in the north, and

tend to restrict their “other islands” visits to the southern sector where exposure

rates are similar to that on Rongelap Island itself. This observation was supported

by an independent living pattern assessment from which data became availabLe in

the fall of 1977 (5).

Specific living pattern Lnfonnation for RongeLap was obtained on a field trip

in October 1977 (5). This information is presented in Table 20. It should be

noted that as previously mentioned, the Rongelap “lifestyle” involves very little

time away from Rongelap Islandwhere a constantexposurerate.of 7.3 ~R/hr is

assumed. Revised external dose predictions based on the observed Rongelap living

pattern are given in Tables 21, 22 and 23. These doses include corrections for

physical decay for L37Cs and 50Ca which are responsible for =9% of che total

externai exposure rate above background. The cesi’~mand cobaLt ratios -acreobtair.ed

using the at-eragesof soil samp!e activities from analyses by BNL (6) and che

University of Washington (’U3E)(7). I’cwas assumed for this assessment :hac no

radicnucl.iaeloss aeckanisms are operative other than physical decay.

-a-
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ICRP ‘F9 suggests that in 20 years, the general public should recei-~ea dose

Of less than 5.()rem from tocaL body sources other than medical Or natural back.

ground (8), In all cases examined here, this requirement is met. The probLem

arises that the external gamna radiation is only one source of exposure to the

!farshallese. The dieta~ pathway couLd contribute a substantial increment as an

internal dose commitment.

Reviewing all atoll dose commitments in this light, we feel that inhabitants

of ?.ongelapAtoll may have difficulty meeting the ICRP #9 criterion of 5 rem in

30 years, but should be within the 0.5 rem/year standard for individuals. The

ir.ceral dose,assessmentfor the people of Rongelapwill be the subjectof a sepa-

rate report. At this time, we do not reccnmnendany remedial accion until a complete

dose commitment can be detenined by means oi examining the exteznal, dietary and

whole body counting data avaiLabLe to date.

The other islands and atolls surveyed are well within the ICRP recmmuended

levels. As such, litcLe more than zni.nimaLfollowup should be done on these atolls.

The main task of the environmental progr~ sh~ld be one of detecting significant

changes in the environment or lifestyLe which might warrant a reassessment of these

dose predictions.

-9-
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Location . .Rlwl
Cross Island t:ansecc, LOO n from che ocean In a sandy 5.26-+.28

Cransecc, L20 n from the ocean in a vooded 6.L7+.22
3pen area

Cross Island
grove

Cross Island
area

CrOSS Island
Lone standing poLe

transect, 170 n from che ocean in a sandy 5.s5+.22

transect, near center of the island near the 8.333.36

Cross .Island:ransecc, 50 m from lagoon on top of organic 8.&2_M.25
debris

Cross Island transect, 20 T trom lagoon in cLearing 4.8 +.25
Cross Island transect, 20 m fr~m lagoon under shrubbery 5.11-+.42

Table 2

~~ELLE ~s~xD . ~oNG~~p ATOLL

RSS-111
&xPosuRESURVEY

SeucemberL976

Ex?osure Rate

Location .R;;r

Cross Islandtranaectbeginningat the water catchmenc
Innermost ?enecration along this transect 220 m from Lagoon 13.&3,3
30 m west of innermost penetration 15.3+3.3
55 m west of innemnost penetration 18.L=O.3
90 m vest of innennost penec:acion 17 o>.~>-..
115m westof innermostpenetrationby vatercatchment ~~cl-403
125m vestof imermost penecracion <n areaof sand and 3L,@.3

scaveola scrub
20 m south of water catchmenc
170 m west of innermost penecracion

Second transect 275 m south of Cross Is
First Level =esserscimldia canopy
Scaveola clearing
Scaveola clearing ’30 m co the Lagoon

and transec:

5each

i

-12-



Table 3

SXUETOK IS’UW - RCSGELA? ATOLL
.3-SS-111

EXPCV5L’RESURVE’i

September !975

Eascwesc cross island transecc -
50 m due west of Ocean 3each
85 a due vest OF Ocean 3each -
85 a due west ot Ocean 3eacn -
135 ~ due .Jestof OCea~ 3ea=~
175 a due west of Ocean Beach

)!iddLeIsland

clearing south
clearing TLorzS

Z15 ~ due vest of Ocean 9each near cluster of

Area has patchy coral gravel.

5.tq3.L
of path 11.4fl.3
of path 12.4+).2

11.73.5
:1.55.3

chtee houses. 8.6@.2

265 a west OE ocean 3each: LO n from Lagoon Beach 5,8y.&
Second transect: 250 a due north of Xiddle Island traasect

70 m due ease of lagoon
Adjacent clearing returning

Third transect near south end
30 m due east of the Lagoon
30 B from Lagoon 3eacti~ear

L1.5f0.3
:ovard Lagoon Beach L2.C@.4
of che island

12.&l.3 .
a house: some ~ravel present 6.7$.;

Table 4

!WE?JLsIAm - RONGEUP ATOLL
Rss-111

EXPOSURE SURVEY

September 1976

ExposureRate
in

Location .R:!lr

?irsc c~ansecc due west co riorckwesc from near southeast corner
of zhe island
clearing 40 m in from che beach
150 m inland due west to norclhwesc
rec+~rningto beach due southeast, 25 m to next clearing
southeast 40 m to next clearing

XidisLand second cransecc due north from the lagoon center of
isLand
25 n south of center is~and towards the lagoon
5d n south of center island rewards the Lagoon
90 a south of center island cowards the lagoon
~20 a south of cencer island cowards the lagoon
150 m south of center island towards the lagoon
sandy head land on southeast ccrner of zke island

22.j+O.i+
55.33.6
42.l_+.5
40.653.5
62.2~.T
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Table 5

Exposure Rate
in

Locacion &/~r

Cross Island transecc on path near church
70 m from Ocean 3eac5
140 n north frcm Ocean 3each
200 m nortn Fyom Ocean 3each
270 m north from Ocean ?,each
350 n north from Ocean 3each

~20 T north from Ocean 9each
500 m north from Ocean 3eauh “
570 n north from Ocean 3eacn

‘I~lLageread transect starting at vescern end of the village
100 m west of first house in the village
front of first house: lagoon site of the road
LOO m due east of first house
200 m due east of first house: past houses 3, L and 5
300 m due ease of firsthouse: near ‘houses6, 7, 8 and 9

(area covered with crushed coral)
100 m part church
200 n past church tear co-op
in frcnc of Jerry Knignt’shouse
in front of 2 houses near zhe dock
LOO m east oi :he bock
170 m east of the dock

Observation tower ac west end of the island in open EieLd
0.5 km east near main road in clearing
1.0 km east near main road about 50 m from the lagoon
1.5 ‘kmeast near main road in che micdle of the road
in cocor.utgrove about 1.2 km east of observation cover
1.9 km east near main road on lagoonside oi che road
2.!+km east near main road, lagoon side on grass covered coral
2.9 ‘m east near main road, lagoon side of grassv area
3.+ “m ease near main road, Srassy area on tne ocean side
3.3 km east near nain road, grassy area on cie ocean side
~.3 km east near main road, 3rassv near trees Lagoonside
6.8 km ●ast near main road, grassv area on ocean side
5.3 km ● aat near main road, grassv area on lagoon side
5.S km east near main road, a grassy area ‘~itnPancianusac zdge

of vilLaqe
5.3 km ●ast near main road in che vi:lage 5v the school and

cemetery
along side church in ail ‘~illage
6.7 km east near main road, east of Village in grassy area

beneath coconuc trees, ocean side of the road
3.3 km ease near nain road pear Japanese cistern
3.3 km ?.orLheastbeneath Gueczarda &rove, ocean side
9.3 ‘km~or%tieascapproaching north end af isLand
3.8 km aortheasc on main road. ocean side in a coconut qrove
10,2 ~m northeast xear e~d of is Lana in Srassy area and Scaveola

trees
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October i977

Z:ipOSu:e ?.ats

in
‘.ocation -R/hr

Cross Island transect on path behind Tarbud’s (Jerry Knight’s) house
shrub line, ocean side
39 m Lagocnward (scaveola grove)
SO m iagoonward (edge of coconut groveJ
118 m Lagoonward
:58 m Lagoonward
197 m Lagoonward
237 n lagoonward
276 m Lagoonward
316 m Lagoonward
355 m iagoonward
395 m lagoonward
d34 m Laqoonward
474 m lagoonward
513 m lagoonward (near rear of Tar5ud’s house)
Main island r~aa, front of Tar5ud’s house
Lagoon Seack zear 3oas’ house

TaoLe 7

3.9$.3
L.6$.2
4.9~2.3
5.3$.2
3.%0.;
5.@3.3
6.1$.2
6.6~.l
7.C&.L
6.~Z0.3

7.3+o.&
7a-%.3
7.53.4
5.9+0.3
5.5>.3
a.2~.2

AON ISLAND - LTI!tIKATOLL
RSS-LII

ES?OSURE SURVEY

September 1976

Exposure ?ace
in

LJcacion -3,/hr

LOO m from the Ocean 3each 4.15.3

250 s from the Ocean Beach 46~~.3

30 m from Lagoon Beach near middle of the island L.1-fl.3

Ex?osure Rate

in



Table 9

LTIRIK ISIAND - L~IRIK ATOLL
%5s-111

EXPOSURE SURVEY

SepcemOer i976

Exposure Rate
in

Location +R/hr

Eascwest transect across isLand near south end of village
60 m vest of Ocean 3each 3.75.3
150 m vest of Ocean Beach 4.3_w.3
10 a east of vilLage road 4.l_w.a
LOO m vest of oc~an near che middleof the village 4.1+0.2
zoo m vest of ocean near che middle of the village 4.2Z0.~
300 m vest of ocean near largehollowand taro patch 4.53.9
100 m from large holLov and taro patch .

&.j-W.4
200 m from large hollow and taro patch near the middle of viilage 3.9~.7
village road by the cemece~ L.G5.2

Table LO

XORMZ.JISLAND - WiJT.JEATOLL
XSS-LIL

mPosuRE SURVEY

September 1976

Exposure Rate
<n

Location .R/5r

Widdle of the village 3.95.3
transect due north ’150 = north of che church 3.75.3
transect due north -50 m north of village 3.&3.3
t:ansecc due north ’350 n norzh of village 3.8+.3
transect due north ti50 m north oi village 3.75.2
tzansecc due north ’550 m north of village and -30 n south of 3.99.?

of Ocean aeach

Table 11

~~J~ Is~~ - WOTJEATOLL
RSS-1.11

ZXPOSURE SURVEY

September 1976

Exposure Rate
in

Locacion -Rlhr

northsouth air scrip, 2/3 of:he distance from che lagoon co the 3.:5.2
ocean

100 m west of air strip 3.75.2
?00 ssvest of air scri? 2.39.3
200 m vest of air strip 3.8:0.3

-16-



Table !2

BIGEN ISLWD - AILUK ATOLL
MS-111

EXP9SL. SL%vn

Aoril 1976

Exposure Rate

“in
Location -Rlhr.

i50 m from che Lagoon Beach, north end of the island L.29.3
!iorch end Lagoon 3each

AILUK

?.ocat:on

Table 13

ISLAND - AXLLX ATOLL
Rss-111

EX.POSURISLTWEY

Sepcemoer 197.5

Exposure Race
in

jo m from Ocean Beacn 3.0+0.4
150 m due vest of Ocean 9each 3.73.3
350 n due west of Ocean Beach 3.95.5
~jo m due west of Ocean Beach, ’100 a from ,rillage 3.:5.A
Ailuk viliage near intersection of village road and Cross 3.7-4.L
Islandroad

Table 14

Avera%e Exposure Races (?!av1977)

Island Atoll ~ Averaue SxDosure lace -1: error

Kabelle Rongelap IL 2:.7 -Ft!hr~ 7.3 -Rlhr
!Jaen Rongelap 11 43.1 -R!hr ~L8.6 -Ri”nr
Eniaetok Rongeiap LL 9.9 -Whr = 2.7 -Rlhr
Rongelap Rongelap 57 7.3 -R!hr ~ ~.~ -z~hr
Aon Utirik 3 4.0 ~Rlhr~ 0.3 -Rlhr
Scrukku L?tirik ~ 4.1 -Ft!hr~ 0.1 _R/hr
~tirik Utirik 9 i.1 -R!hr ~ 0.3 -&’hr
!3iSen AiLak ? 3.9 -&’h.r~ (0.2-?./hr
.\iluic AiLuk 5 3.7 -R:hr~ 0.1 -Rlhr
:iormej Wot:e 6 3.7 -Klhr - 0.1 _R/hr
Xotje Wocje k
Eniw-ecak

3.7 -R/hr ~ 0.: -Rlhr
Rongerik i 6.3 -R;hr - -Rlhz:1./

:.-
Cor~ecced for energy dependence of 3SS-LL1. (Typicalsoec:ralcorrection
faccorwas 1.05).
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I

Tllt)le15

Extcrllal Exposure Natcs tiId Dose l’redic~i; ilti

I’crtiolw [.iving on Surveyed Atolls D

(Exclusiveof ttongelapAtoll)

Ave. Cross Exposure RdLfJ Net Exposure l{ate3 10 yr. Integral
3 30 yr. Il]tcgral

3
50 y,-. I(\lugrdl’J

Ai,Ill AJmJl 1977 Aprflf1977 I)i)se ill NCIII————. .— DIISe iiiRem I)oscillI{ L!Ill—.——

lltitik~’ 4.07 Ul{lllr 0.32 ~,1(/llr 0.024 ().056

Ailuk 3.8(1 wtl/hr

Uot Ie 3.70 ,Ll{/hr
Rulluel lk5 b.30 ~tM/l~r 2.55 l,R/hr O. 199 ().484

1(XP 9 Population
lh)s~ I.imit I .700 5.000

0.i17i

0.663

8. ‘MN)



?opulatiom Sreakdotm bv A~e and Gscg.raghical Living ?acterns

,Zei. 6)

Iniancs and Children and
Smail children adolescence Yen Women

Age 3rackec (years) ()-L 5-19 ,20+ 7.(3+

Fraccion oi population (%) 16 41 ~~ 2L

Fraction of time spent in
respective areas (%):

Znside Home 50 30 30 30

Within 10 m of home 15 10 5 10

Elsevhere in village 5 Lo 5 10

3each 5 5 5 5

Izterior of island 5 15 20 15

La3003 [3 10 Lo 5

Other Islands 20 20 25 25

Table 17

Assumed Exposure R&te for
Each Living ?atcern*

?actern Rongelap Atoll
~Rihr

Inside ‘nome 7.3

‘Jithin10 n of home 7.3

Elsewhere in village 7.3

3each :.3

Interior Island 7.3

Lagoon* 3.7

O-her Islands- 24.9

\

....
Values Listed are mean exposure races.
,*

Lagoon value is assumed to be the same as regional background at uncontaminacea
,k+~tolls.

Values used for other islands assumed equal distribution of time spent on
ether islands within the atoil.
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Table 18

Rongelap Exposure Rates 3ased on Living Pattern Assumed for 3iki:i ?,.1

Descr:9tion Infanzs Children ‘en Women
o-u .7YS 5-I.9Vrs ?Q+ ,..~~ 2GS-.

Fraction L67! 41Z 22: 21?.
of population

Dose race due to

Time spent ‘~ith-
in theseareas
(#Rlhr)

Inside Home 3.65

Within LO m of 1.10
home

Elsewhere invi~ 0.37
lage

3each 9.37

Interior IsLand 0.37

Lagoon 0.00

Total ~-R/hr) lo.9~
(Lnclb~~d)

2.19

0.73

0.73

‘0.37

1.10

0.37

4.98

lo.~7

2.19

0.37

0.37

11.36

2.i9

0.73

0.:3

0.3?

l.~()

0.19

4.23

L1.54

Table 19

Exposure Rates and Dose Predictions for Persons Livic3 on
Rongelap Atoil 3asea on Assumed aikini Living Pat:ern

Net Weighted
Race in -R:hr ExterrtaiIntegral 2ose in Rem (3kga SUOC)

.ige Crm.Ju %v !977 10 ‘:r. 20 vr. 50 vr.

Infants (0-4 vrs) 7.09 0.56 i.35 1.W$
Children (5-19yrs) 6.72 0.52 1.27 1.75
Yen {20 vrs+) 7.61 0.60 1.$4 1.97
:Jomen(2O yrs+) -97.! 0.02 L.L9 2.03

-20-



Infants & Children &
?!en

Small Children .ldolescencs
Women Old People

.ige3rackec (yrs) ‘3-& 5-19 20-59 ~o-jq 60+

?rac:ion of time spent
in respective areas(%)

13 vil!age ~incluaing 100 84 77 94 100
inslc!ehcme)

Interior of isLand . 3 13 &

3each d ‘?&

Laqoon - ~ - .

IItherislands - . 6 -

TaoLe 21

RongelapExposureRates Based on Obsemed Living Pattern (5)

Infants CSildren !-fen Women Old People
3escri?tion 0-4 yrs 5-19 yrs 20-59 yrs 20-59 \.rs >60 yrs

!30serace due to
:ime spent “#iChin
:hese areas (-R,’hr)

Zn ,/illage(includ- 7.3 6.;3 5.62 5.36 7.3
ing home)

3eac!7 - 0.58 0.15

Interior Island 0.38 ?.95 ~.~?

Lagoon . :3,15 -

Ctb.erisLands 1.49

ToCal -X,’hr 7.3 7.3 ~.~1 7.3 7.3
(inci bkgd)



TabLe 22

Avera~e Exposure laces and Dose Predictions for
Persons Living on Rong,elapAtoll iiaseclon

RongeLapLiving Pattern (1977)

lJeightzdNet Net Integral External Oose in Rem

.%ge Group Exposure Rate in -R/hr LO yr 30 yr 50 vr

Iafants (O-9) 3.6 Q,~7 0.65 0.90

Children (5-19) 3.6 !, ,t !!

!?en(20-59) 4.5 0.34 0.32 l.1~

‘Jomen(20-59) 3.5 ~.~; 0.55 0.90

Old People (60+) 3.6 !, ,, In

- -- -- . -- - . -. . - --- - - -- - . --- --- - -- .- . . --- - --z ---- . - -- - .- ---- -. . -. . . ------ --- . .- .- . . .

Additional Contribution 3.7 9.32 0.97 1.62

From 3ackground Radiation

Table 23

Total 3oses Inclzding 3ackSround 3ased on
Rongeiap Living Patrern (1977)

Weighted Total Exposure ?ate Total Integrai Dose in Etem
<roup -R/hr 10 yr 30 yr 50 Vr

Rongelap Yen 8.3 0.66 1.79 2.74
(ages 20-54)

A1l others i.3
(RongeLap)

0.59 1.52 2.54

Ucirik, all +.1 0.34 1.03 1.70
residencs~

“Assumes (conservatively) 100% occupancy on-island.
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ABSTRACT

External exposure rate surveys from 1975 to 1977 on the islands Nam, Eneu

and Bikini of Bikini Atoll gave average external exposure rates of 24, 5.7 and
32 VR/hr respectively. The exposure rate on Eneu Island is uniform, whereas
those on Bikini and F/amrange from 7.0 to 80. MR/hr. Based on an assumed living
pattern at Bikini Island, the adult male Bikini.an is estimated to be in the pres-
ence of an external radiation field corresponding to 16 llR/hr due to debris and
fallout frun the 1954 BRAVO incident. This corresponds to a 30 year dose equiva-

lent of 2.8 rem.

- iii -



INTRODUCTION

.

In April 1975, Brookhaven National Laboratory initiated an external survey
~f Bikini AtoLl in order to obtain information concerning the ambient external
radiation levels resulting frcm the mid 1950’s weapons testing program and to

make dose equivalent commitment determinations for the individuals living in the
surveyed area. From 1975 to 1977, measurements were made to provide sufficient
information on the external exposure received by the Marshallese people.

Most of the information concerning Bikini and Eneu Islands was obtained in
April 1975, when environmental ionization chamber measurements were made. In
addition, thermoluminescent dosimecers (TLDs) were placed in the field and ex-

posed for six months at Bikini Island to verify the uniformity of the exposure.
Other groups assisted in these surveys. The team from Lawrence Livermore Labora-
tory (UCRL) made a detailed survey of Bikini and Eneu Islands in June 19754,9,
and they refer to the information presented in this report as BNL unpublished
data. In “general, their results are substantiated by the exposure and dose
equivalent commi~ents calculated here.

The equipment used in 1975 consisted of a Reuter Stokes environmental
radiation monitor model RSS-111 and a Baird-Atomic scintillation detector con-
sisting of a sodium iodide detector (2.5 cm in diameter by 3.9 cm in length)
connected to a ratemecer readout, Portable survey meters were used to help
locate gross changes in the external exposure rate. Lithium fluoride
thermoluminescent dosimeters were left on Bikini Island and retrieved in

December 1975.

Environmental exposure levels were assessed via the RSS-111 and a NaI

gamma spectrometer whose purpose was to determine the photon energy distribution
and to compensate for the nonlinearity in the RSS-111 instrument response.

This report presents all of the external exposure data collected to date
for Bikini.Atoll by BNL. These data have been used to make external exposure es-
timates for the people living on Bikini Island, and the BNL data have been com-
pared with UCRL datag for Bikini Atoll.

INSTRUMENTATION AND METHODS

A) Ion Chamber Measurements

All environmental exposure rate measurements were obtained with a Reuter
Stokes environmental radiation monitor model RSS-111, which is designed to
measure environmental radiation as low as 100 BR/yr. The RSS-111 consists of a
spherical high pressure ion chamber filled with argon to a pressure of 25 atm.
Incident radiation produces ion pairs within the active volume of the
chamber which result in an ionization current. The current flow is mea~ured by

an electrometer and is directly related to the free air ionization rate .

The active volume of the stainless steel ionization chamber is known to

?1%. The ionization current produced in the chamber is a function of incident
radiation from an external field, cosmic-ray response, and contamination present
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in the stainless steel. The instrument response is energy dependent, and data
frwn the manufacturer indicate an error of as much as86 to 10% could result if
energy corrections are not made to the gross readings .

The RSS-lllS used in this study vere calibrated at the factory against ra-

dium sources whose calibration is traceable to the National Bureau of Standards.
The calibration of the instruments was also checked at the Environmental

Mon~toring Laboratory (formerly Health and Safety Laboratory) before and after
field use.

In the report on external exposure for all other atolls surveyed by BNL3,
energy dependence corrections were calculated for data from Rongelap and
Ror<erik Atolls. The factors needed to compensate the RSS-111 response for
enerbzgdependence ranged from 1.01 to 1.05. The mean correction was approxi-
mately 1.02.

B) Thermoluminescent Survey

Lithium fluoride (LiF) thermoluminescent dosimeter chips L/4-inch square
wer~ useds, for several reasons. LiF is approximately a tissue equivalent mate--
riai, and its response is essentially energy independent for photon energies
gre+ter than 20 keV up to several MeV. The system is precise to f2% and has a
lon~ term retention of 5% loss at room temperature for one year. These
qualities made the LiF ideal for use in the Marshall Islands.

All TLDs were cleaned with analytical grade methanol before departure for
the !?arshall Islands and prior to analysis. Prior to irradiation, the TLDs vere

annealed at 400°C for one hour and them at 100*C for 2 hr. After field exposure
and before reading, the TLDs were annealed at 100°C for 10 min.

In addition to the TLDs exposed in the field at Bikini and Eneu, several
sets of TLDs were assembled for use in correcting field measurements for back-
ground, fading and air transportation contributions. Several TLDs were annealed
and then immediately stored in a lead pig in the BNL analytical counting area.
An equal number of TLDs were irradiated to 100 mR and stored with the background
TLDs to determine fading losses. Four other TLDs were sent to Kwajalein and

storsd there in a lead pig to determine in-transit contributions to the re-
sponse. All TLD results have been corrected for these parameters.

The TLDs were calibrated at BNL with 137CS gamma and 90Sr/90Y betas. Re-
sults are directly related to the external exposure and beta absorbed dose that
would be received by individuals living on Bikini and Eneu Islands.

Because the total response must be differentiated into beta and gamma
components, a TLD holder was developed that would eliminate nearly 100% of the
90Y beta of 2.27 MeV (Figure 1). Four TLDs are used per holder. Two are

covered by 1100 mg/cm2 of aluminum and Mylar which is of sufficient mass density
thickness to eliminate beta response; these provide the gamma response. The two

other TLDs are shielded by ~ 15 mg/cm2 Mylar to respond to the total gamma-beta
contribution at one meter above the earth’s surface. The difference between the
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responses of the two TLD sets gives the beta response. TLDs placed in the

field were positioned with the open window facing the soil.

Because shielding part of the dosimeter may bias the data, an attempt was

made to predict the resulting error by randomly placing four of the dosimeters
(16 TLDs) together, open windows facing the soil, in a series of tests using
90Sr-90Y as a source, placed 30 cm from the TLDs. The open and closed windows

were varied to cover all combinations of field positioning. The error using a

point source and a source-to-detector distance of 30 cm was <2.5%. Because the
field situation represents a distributed plane source, and the source-to-
dosimeter distance was between 50 and 100 cm, the field situation should have a
minimal positioning error associated with the results (Figure 2).

RESULTS

A total of 203 RSS-llL measurements were made on Bikini Atoll. Each data
point is the average of at least 20 individual readings. This assures the preci-
sion of the value, and the initial calibration guarantees accuracy. The mean ex-
posure rate is reported with one standard deviation calculated by assuming that

the data obtained from a specific site follow a Gaussian distribution.

Tables 1 through 5 represent all data taken on Bikini Atoll. Table 2

lists the data from Nam Island, located at the northwest corner of the atoll,
closest to ground zero of the BRAVO device. The average external expcsure rate
wer the land areas monitored is @ 24 UR/hr. This is six times higher than the
background levels at Wotje, Ailuk or Utirik Atolls3. This average value should
not be interpreted as a true value for the Nam island average! siace dense
“~egetationprevented a representative sample of readings over the whole island.
Nam is uninhabited at present and is not used for food production. The exposure
rate is non-uniform and varies significantly as a function of location.

Table 3 presents the data from Eneu Island, located south and west of
Bikini Island. Eneu received the least fallout contamination as evinced from
che average external radiation exposure rate of 5.7 pR/hr. This value is 1.5

rimes the natural background and is the lowest external exposure rate on any of
the islands surveyed. Figure 3 shows the sample sites and the exposure rate

.neasured at each site. These data demonstrate the uniformity of exposure rate

on this island.

The external exposure rate on Bikini Island is a strong function of loca-
tion (Figure 4A-E). It is the lowest in the areas closest to the lagoon and
current housing*~ highest in the center of the island and intermediate in other
areas. The average exposure rate for the island, based on an average of all the

data is 32.1 DR/hr. Table 4 lists exposure rate measurements made in the living
areas of the available housing. Table 5 lists all other exposure rate

measurements made at Bikini Island.

*In 1978, the Department of Interior made the decision to relocate the inhabit-
ants of Bikini Atoll to either Ejit Island, Majuro Atoll, or Kili Island. The
relocation took place in August 1978.
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?’heTLD data for Bikini Island (Table 1) agree with. the RSS-111
measurements, but no constant relationship is seen between beta dose and ganuna

exposure. Non-uniform deposition of fallaut material in the areas surveyed and
transiocation of material are major factors governing this result.

DISCUSSION OF RESULTS

The average exposure rate as measured for each island is listed in Table

6. Estimation of the dose equivalent for the inhabitants of Bikini Atoll is
debatable due to the nonuniform distribution of radioactive material within
given ~reas of the atoll. The e~osure rates measured on Eneu Island are fairly
unifor=, but those on Bikini Island snowed significant differences between areas
(Tabl~ 5 along with Figure 4A - 4E). In the UCRL work4, this problem was
approached and a solution derived by estimating the fractions of an individual’s
time ~pent in various areas. These estimates~ are used here (Table 7) to
construct external exposure rate estimates for the various activities based on
the measurements reported in Tables 2 through 5. The exposure rate for the
lagoon was obtained by assuming that it would be less than or equal to that in

the areas of continual habitation. The values for other islands were obtained
by assuming that the Nlarshallese would spend an equal amount of time on each of

●

the ocher islands surveyed. All other estimates were made by taking the average
of al: measurements made within the area of interest.

Table 8 shows the estimated exposure rate for each pattern of activity in
Table 7 based an continuous occupancy of Bikini Atoll. Table 9 shows the esti-
mated exposure rate for each age group as weighted by the percent of time spent
in earn area, for inhabitants of Bikini Atoll. Summation of the exposure rates
in al! the areas provides the average total-body exposure rate for each age
group.

Using the average hourly exposure rate, the long term external dose equiva-
lent was calculated (Table 10). The data were corrected for background
(terrestrial and cosmic radiation) by using the average exposure rate on Wotj$
and Ailuk as representative samples of the normal Marshall Island environment .

These data for Bikini residents are lower than U(RL datag for living patterns 2
and 3, which give the estimated integral external gamma dose equivalent for 30
years as 4 rem, because the present estimates include the measured exposure rate
for habitation of the newly constructed housing. These indoor values are 39%
lower than those previously reported and their use reduces the total estimated
reduction in the 30 year dose equivalent commitment by 32%.

The ICRP suggests6 that population groups should not receive a 30-year
dose equivalent of more than 5.o r- to the whole body from sources other than

medical equipment or natural background. For the external radiation component
at Bikini AtolL, this requirement is met; the problem is that external radiation
is not the sole source of radiation exposure to the Marshallese. The dietary
pathway, based on UCRL data9, could increase the 30-year total body dose equiva-
lent commitment by a factor of 4.

Whole-body counting data taken in 19741, 19772 and 19787 indicate that the
dietary pathway became the prime source of radiation exposure after January

(
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1977. Current in vivo data indicate that the equilibrium bodv burdens for 137CS
will range from~ nto 30 PCi in the Bikini population. This corresponds to
a 30-year internal dose equivalent that falls in the range of 11 to 110 rem.
3ioassay data obtained from Bikinians during 1978 indicate that bone marrow dose

equivalents for 30 years of habitation would be between 0.4 and 1.0 rem from
9usr-90ylo.

Reviewing the Bikini dose commitment in this light, one immediately
realizes that the inhabitants would receive a total body dose equivalent

5exceeding the ICRP criteria . Thus, for Bikini Atoll, we concur with the UCRL

recommendation that more must be done to lower the total body and bone marrow
radiation exposures so that the Marshallese can live within the population dose
equivalent recommendations .
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Table 1

~ikini Island TLD Exposure Survey (129 days), Dec. 7, 1974, to Apr. 15, 1975

Total
Y Exposure !3Dose,

Location ~~R prad

I{mse 4 - inside 28400*
!l~use4 - outside 20 in. above ground 36200*
House 20 - inside 29900*
}{ouse20 - outside mid backyard 27800*
H.mse 38 - inside 48600*
House 38 - outside mid backyard 41OOO*
BLg twin coconut trees, west side of tree near USGS well 194300*
Behind house 40, cookhouse at 18 in. off ground 26800
B@hind hcuse 35, behind living area at 22 in. off ground 45300
!l.+hind house 30, behind living area at 2(3in. off ground 32800
5.]st/westroad by house 30 about 30 yd. north of bunker 35600
~..~hindhouse 25 near banana and papaya patch, 22 in. off ground 54000
3ehind hcuse 21, 20 in. off ground 26300
Behind house 15 29900
llehindh~se 1(J 73000
6~hind house 6 36200
BY USGS well and twin cocormt trees 79100
Control 1 2900
Control 2 5100
Control 3 6300

1500
25800
10300
11000
29800
14700
4700

62800
8400

85100
2400

0
0

*Total unshielded response.

Table 2

MD Island, Bikini Atoll, RSS-111 Exposure Survey, April 1976

Location pR/hr

West Transect - 200 meters from soil pit 33.4* 0.6
West Transect - 100 ~ters from soil pit 16.7 ? 0.4
East Transect - 200 meters from soil pit 17.6 t 0.5
East Transect - 100 meters from soil pit 15.2 t 0.4
East Transect - 245 meters north of lagoon beach 44.9 ~ 0.7
East Transect - 150 meters north of lagoon beach 23.1 t 0.5

i
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Table 3

ENEU ISLAND RSS-111 EXPOSURE SURVEY APRIL 1975

Location BR/hr

South road to ocean near middle of island
2nd coconut row, ~cean side of runway adjacent to marker 4
?nd coconut row, ocean side of runway adjacent to marker 1

2nd coconut row, ocean side of runway adjacent to marker 2
2nd coconut row, ocean side of runway adjacent to marker 3
1st coconut row, ocean side of runway adjacent to marker 1
Yidway north of runway apron and coconut row

5th coconut row up the road from north corner of runway apron
16th coconut row by 2nd large nature tour
Group of old buildings, south of church, ocean side of road
West bend in road just north of old church, ocean side

North 1/3 way up road to Camp Blandy, ocean side
North 2/3 way up road to Camp Blandy, ocean side
Blandy area just.south of soil pit 3, 100 yd from lagoon beach
Blandy area just south of soil pit 3, 100 yd from ocean beach

North end of Camp Blandy near middle of the island
North end of Camp Blandv near lagoon road, ocean side

Lagoon road south of Camp Blandy, 100 yd west of church
Lagoon road about 150 yd north of Camp Blandy
Bunker near dock
Old bldg. frame work due west of runway marker 1

7.2 ~ 0.62
5.6 ? 0.25
i.2 t 0.L7
4.9 ~ 0.37

8.2 t 0.10
5.3 t 0.16
6.1 t 0.32
8.7 ? 0.23

6.1t O,l&
~09f 0.12
8.1 f (3.31

L,9 t 0.30
6.5 f 0.20

6.1t O.15

5.6 f 0.31
5.9t 0.29
6.0 t 0.21
5.7 t 0.15
5.0 t 0.35
5.0 ~ 0.22
6.1 ~ 0.27

—
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Table 4

Measured Exposure Rates Within Permanent Housing Constructed on Bikini Island

Exposure rate Exposure rate
Lacation BR/hr Location VR/hr

House 21
H~lse 22

House 23
House 25
House 26
School
midd le

House 30
House 31
Hcuse 32

House 33
House 35
House 36
Hwse 37

House 40

6.6 f 0.13
7.3 t 0.37
7.2 ~ 0.10

7.3 t 0.28
7.3 t 0.25

of the room 7.2 ? 0.10
8.4 f 0.14
8.9 f 0.10

10.0 t 0.37
9.6 f o.45

15.8 t 0.19
13.1 t 0.17
11.9 f 0.30
11.1 f 0.15

House 4
House 6
House 7
Outside house 7

north side on gravel
House 9
House 10
House 11
House 12
House 13
House 15
House 16
House 18
House 19
House 20

7.5 ? 0.15
7.8 t 0.28

10.5 t 0.28

12.9 t 0.20
10.7 f 0.16
11.1 t 0.25
9.3?0.23
9.7 ~ 0.49

13.3 f 0.19
11.6 t 0.23
11.5 f 0.60
8.2 ~ 0.17
7.8 ~ 0.26
7.2 : 0.13
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Table 5

Bikini Island RSS-111 Exposure Survey, April 1975

— .

Location vR/hr

CJlumn ~, due east of house 30
Column 10, due west of bunker
Column 20
column 30
column 40
Column 50, due west of twin coconut trees
Column 58-59, intersection with Ist baseline south

North/south transect between 1st baseline south and
2nd baseline south

column 1
Column 10
column 20
Column 30
column 40
Column 50
Column 60
Column 70

North/south transect from 2nd to 1st baseline north
Column 2, 10 yd due south of soil pit A
Column 10
Column 20

column 30
Column 40
column 50
Column 60
column 70
Column 77, 2 rows due east of soil pit E

South/north transect north from 1st baseline north
(continuationof USGS-bunker rd.)

column 1
column 10
column 20
column 30

column 40
column 50
Column 60, due west of small bunker on ocean rd.
column 70
Column 77, and intersection of 2nd baseline north
40 yards north of 1st baseline north
Across lagoon road from house 37
Across lagoon road from house 38

57.3 t 0.2
31.8 t 0.4
50.0 t 0.!4
46.6 ? O.J+
26.4 t 0.1
36.6 t 0.2
44.5 t 0.3

59.5 ~ 0.3
78.4 ~ 0.5
64.7 ? 0.2
49.2 ? 0.3
45.0 t 0.2
53.8 t 0.1
48.0 f 0.1
48.9 ? 0.4

47.7 t 0.2
54.2 t 0.6
41.2 f 0.3
39.1 2 0.2
55.1 f 0.2
41.3 ~ 0.7
53.4 ~ 0.4
82.1*0.5
31.6 ~ 0.3

52.7 ? 0.1
43.2 f 0.1
44.0 t 0.3
58.2 t 0.2
46.6 t O.Z
34.3 t 0.3
31.6 i 0.3
31.2 f 0.3
26.6 t 0.2
22.3 ~ 1.4
20.0 t 0.7
24.0 t 1,1
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Table 5 (Cent’d)

Bikini IsLand RSS-lIL Exposure Survey, April 1975

Location BR/hr

Across lagoon road from house 39 22.9 t 0.6
!0 columns north of house 40 28.5 t 0.6

South on ocean beach road from 2nd baseline north

Column 1
Column 10

column 20, 3
Column 30, 3
column 60, 6
Column 50, 1

Column 60, 3
Column 70, 1

23.6 t 1.0
38.3 ~ 1.3

columns south of small bunker 25.9 t 0.4
rows east of ocean beach road 22.4 f l.1
rows east of oc~an beach road 49.4 t 0.8
row in from ocean beach road 33.4 t 0.4
rows in from ocean beach road 33.4 ? 0.3
row in from ocean beach road 37.0 ? 0.7

Column 78, at incersecclon of ocean beach road and
1st baseline north 33.2 ~ 0.5

North/south transect along road separating (1972 designation
of rows) rows 24 & 25 from center

column
Column

column
Column
column
Column

North/south
Column

1
10
20
30
40
49 and the intersection
transect along breadfru
4 of older pl;ncings behind house 40 -

basel;ne to 1st b&eLine north
22.6 ? 0.3
62.0 ? 0.2
26.7 ? 0.4
52.9 f 1.1
42.6 ? 0.3

of 1st base Line north 48.0 ? 0.3
t row startimz at 2nd base ine north

49.2 5 0.9
59.0 t 0.4
40.9 k 0.5

38 29.9 t 0.5
28.0 t 0.8
23.0 ? 0.3
42.0 t 0.7
33.1 t 0.6
34.1 f 0.6
38.8 t 0.3

Breadfruit planting east of house 39
Breadfruit planting east of house 38
Breadfruit planting near small bunker between houses 37 &
Breadfruit east of house 37
2 columns of coconut trees north of 1st baseline north
1st breadfruit south of 1st baseline north by soil pit D
5th breadfruit east of house 36
9th breadfruit near banana garden, house 35
12th breadfruit east of Japanese memorial and house 34
15th breadfruit north of center baseline and east of house 31 22.4

North/south transect along breadfruit row from center baseline
Due east and house 30 18.4
Breadfruit near house 26 and 3(3yards east of papaya patch 26.2

Breadfruit 8 near house 4 and main garden 48.4

Due east of houses 20 and 21 19.2
Due east of house 17 25.6
Due east of house 16

just north of center baseline and soil pit 30.3

i
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Table 5 (Cent’d)

Bikini Island RSS-111 Exposure Survey, April 1975

Locacion PR/hr

Due east of house 14
Due east between houses 12 & 13
Due east and between house 10 and breadfmit row
Due east of house 8 next to breadfruit row
Due east ~f houses 7 & 8 near vegetation depression
Due east of houses 5 & 6
Due east of houses 3 & 4

North/south transect between 2nd baseline north (pit B) and
1st baseline north (pit D)

column 2, 15 yd due south of soil pit B
Column 10
Column 20 due east of house 39
Column 30
column 40
column 50
Column 60 due east of house 36
Column 70
column 77

North/south transect between 1st baseline north and center

baseline, sample locations proceed due south
Column 1

column 10
column 20
column 30
Column 40
Column 48 (last column before crossing center baseline)
Row 20
ROW 30
Row 4Q
Row 50
Ocean road just behind row 59

South on ocean beach road from 2nd baseline south,
measurements taken on lagoon side of road

Colunm 10
column 20
column 30
Column 40
Column 50, about 100 yd from ocean
Column 60, about L50 yd from ocean
column 67

32.4 t 0.2
40.3 t 0.6
24.7 t 0.3
46.4 ? O.k
16.3 t 0.2
34.5 ? 0.5
7.7 ~ 0.4

44.5 2 0.4
52.3 ? 0.3
56.9 k 0.4
66.8 t 0.2
41.5 f 0.4
33.2 ? 0.4
42.5 ? 0.3
32.8 iO.4
45.1 t 0.4

28.5 ? 0.2
41.0 f 0.3
41.8 f 0.4
56.6 t 0.2
61.5 f 0.2
~5+~ ~ 0.2

50.9 f 2.1
60.1 t 1.4
46.7 t 2.2
55.1 ? 2.4
34.4 t 2.0

36.9 f 0.6
38.0 i 0.4
29.2 t 0.5
19.6 t 0.6
27.7 k 0.6
27.8 ? 0.7
16.2 f 0.4

\
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Table 5 (Cent’d)

Bikini Island RSS-111 Exposure Survey, April 1975

Location UR/hr

,.

Camp area
Bldg. 1
Bldg. 3
Near church on northward bend+,ofroad halfway between

equipment shed and house 1 (ocean side of road)
Lagoon roadnorth, measurements taken on ocean side of road

Open area between houses 3 and i
Open area between houses 5 and 6
Open area between houses 7 and 8
Open area between houses 9 and 10
Open area between houses 12 and 13

Open area between houses 14 and 15
Open area between houses 16 and 17
Open area between houses 34 and 35
Open area between houses 35 and 36
75 yd north of house 36

3rd baseline north starting at t e lagoon road
Row 1
Row 5 b

Row 10
Lagoon road

LOO yd south of north beach
Near house 40 - ocean side * road
Near house 38 - lagoon side of road
SO yd south of house 37
Near house 35 - lagoon side
Village center - near intersection of lagoon road and

center baseline
Soil pit G
Near house 25 - lagoon side
Near house 20 - lagoon side
Near house 15 - lagoon side
Near intersectionof 1st baseline and lagoon road
Near house 10 - lagoon side
Near house 5 - lagoon side
Near house 1 - lagoon side

Second baseline south starting behind house 7
Behind house 7, breadfruit row J1O yd to row 1
Row 10
Row 20
Row 30

12.2 f 0.2
13.8 t 1.0
17.3 i 0.3
26.3 t 0.5

16.0 f 0.1
18.5 t 0.4

28.4 t 0.6

23.9 : 0.3
24.9 t0.3

37.8 ? 1.8
28.1 f 1.6

13.9 fo.9

14.0 f 0.3
23.0 ? 2.o

30.9 :0.1
40.4 t 0.3
U.7 ? 0.4

19.6 f 0.3
13.5 t 0.5
17.0 ? 0.3
20.4 ‘ 0.4
31.6 0.4

9.4 0.4
2z.5 : 0.4

18.5 ‘:0.1
18.2 f 0.2
24.7 ~ 0.2

17.5 ~ 0.2
26.0 i 0.3
11.8 f 0.1

27.o ~ 0.9
54.9 ~ 1.7
50.5 ~ 1.4
54.0 t 1.8
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Table 5 (Comt’d)

Bikini Island RSS-111 Exposure Survey, April 1975

Location pR/hr

Row 40
Soil pit between rows 42 & 43
Row 50, 100 yds from ocean beach
Row 50, 30 yds from ocean beach

Pandanus 118 behind house 15

Behind agriculture area
Row 1
Row 10

North face of bunker
North-south road midway between bunker and USGS well
North-south road, column 5 from 1st baseline south
North-south road, column 15 from Ist baseline south
North-south road, column 25 from 1st baseline south
North-south road, column 35 from 1st baseline south
North-south road, column 45 from 1st baseline south

Lagoon road, end of center baseline behind house 30
Row 10, south side of baseline
Row 20, 30 yd from fork to bunker
Row 30, 50 yd north of bunker
Row 40
Row 50
ROW 60
ROW 69-70

East-west transect
Lagoon road and 1st baseline north
Soil Pit D
Row LO, east from lagoon road
Row 20
Row 30
Row 40
Row 50
ROW 60

North side of 2nd baseline north (near home 40)
Row 1
Row 10
Row 20, near soil pit B
Row 30
Row 36-37, near soil pit A
Row 40
Row 50

47.3 t 0.2
40.8 t 1.4
50.8 f 5.1
25.0 f 0.3
27.4t 1.4

44.5 f 1.9
51.5* 1.9
21.5 ? 0.5
66.5 k 0.2
56.8 f 1.1
43.4 ? 0.3
32.7 t 0.6
58.0 t 1.1
27.2 k 0.3
18.7 t 0,3
25.0 t 0.2
20.4 t 0.8
20.1 t 0.4
12.3 t 0.2
30.8 t 0.6
29.5 t 0.3
18.4 t 0.4

44.4 t 0.2
40.3 t 0.3
36.3 20.5
38.3 t 0.4
35.7 t 0.2
42.3 * 0.4
58.1 2 0.6
41.8 t 0.1

17.5 f 0.2
30.6 k 0.3
‘5.9 ? 0.3
.3.9 ~ 0.3
23.3 ~ 0.3
29.6 ? 0.2
30.6 t 0.2
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Table 6

Average Exposure Rate Corrected for Decay to May 1977

Av. exposure rate
Island Ho. of Observations UR/hr

—

Nam 6 23.5 t 11.0
Eneu 21 5.7 f 1.1
Bikini 203 32.1 t 16.3

Table 7

Population Breakdown by Age and Geographical Living Patterns5

Infants and Children and
small children adolescents Men Women

Age; yr 0-4 5-19 20+ 20+
Percent of population 16 41 22 21
Percent of time spent in

following areas-:
Inside home 50 30 30 30
Within 10 m of home 15 10 5 10
Elsewhere in village 5 10 5 10
Beach 5 5 5 5
Interior of island 5 15 Z() 15
Lagoon o 10 10 5
Other islands 20 20 -. 25.,+~.-.+ 25

-16-



Table 8

Assumed Mean Exposure Rate for Each Activity Area

— —

Bikini Atoll
Pattern uR/hr

Inside home 9,7
‘dith~ni~ m Jf home 15.8
Elsewhere in village 25.3
Beach 15.8
Interior island 44.9

Lagoon 15.8*
Other islands [5.5*

●Value assumed to be less than or equal to value

for beach.
**Based on assumption that equal amounts of time

are spent on other islands within the AtoL1.

— —

Table 9

Exposure Rate Estinmtes for Bikini Atoll Inhabitants

.——__ ——__

Infants Children Men Women
O-4 yr 5-19 yr 20+ yr 20+ yr

Percent of population 16X 41% 222 21%

Exposure rate (UR/hr)
during time within
followingareas:

Inside home 4.85 2.91 2.91 2.91
Within 10 m of home 2.37 1.58 0.79 1.58
Elsewhere in village 1.27 2.53 1.2? 2.53
Beach 0.79 0.79 0.79 0.79
Interior island 2.25 6.74 8.98
Lagoon

6.74
0.00 1.58 1.58 0.79

Other islands 3.10 3.10 3.88 3.88

Total 14.63 19.23 20.20 19.22

—

-17-
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Table 10

External Dose Equivalent to Inhabitants of Bikini Atoll

Ext. integrated dose equiv. , rem
vet ext. (background subtracted)

exposure rate,
Age Group pR/hr, Flay ’77 10 yr 30 yr 50 yr

Infants (O-4) 10.27 0.80 1.90 2.59
Children (5-19) 14.60 1.12 2.69 3.66
Men (20+) 15.52 1.20 2.85 3.88
Women (20+) 14.60 1.12 2.69 3.66

-18-
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REAR SIDE WITH I. I cm
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Figure 1. Aluminum TL,Dholder.
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CONFIGURATION #I

m ‘“

Sf/90Y SOURCE PLAcED 12 INCHES FRo M THE

MI OLINE OF THE TLO HO LOER.

MM S – IN OICATES TLC) LOCATED BENEATH 3.48mm

OF ALUMINUM

O - IN OICATES TLO WASN’T SHIELDED

[@ ~i~ ~~
CALIBRATION FACTOR =0.1458 RADS/NANOCOULOMB

CONFIGURATION #2

m

CONFIGURATION #3

@@Em

CALIBRATION FACTOR = 0.1414 RAOS/NANOCOULOMB

CALIBRATION FACTOR =0.1464 RADS/NANOCOULOMB

AvERAGE CALIBRATION FACTOR= 0.(445 f 0.00273 RAOS/NANOCOULOMB

Figure 2. Determination of Beta calibration factor.
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April 1975.
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A RECONSTRUCTION OF CHRONIC DOSE EQUIVALENTS FOR RONGELAP

AND UTIRIK RESIDENTS - 1954 TO 1980

E. T. Lessard, N. A. Greenhouse, R. P. Milteriberger

ABSTRACT

From June 1946 to August 1958, the U.S. Department of Defense and Atomic

Energy Commission conducted nuclear weapons tests in the Northern Marshall

Islands. BRAVO, an aboveground test in the Castle series, resulted in

radioactive fallout contaminating Rongelap and Utirik Atolls. On March 3,

1954, the inhabitants of these atolls were relocated until radiatim exposure

rates declined to acceptable levels. Environmental and personnel radiological

monitoring programs were begun in the mid 1950’s by Brookhaven National Labora-

tory to ensure that dose equivalents received or committed remained within U.S.

Federal Radiation Council Guidelines for members of the general public. Body

burden and dose equivalent histories along with activity ingestion patterns post

return are presented. Dosimetric methods, results, and internal dose equivalent

distributions for subgroups of the population are also described.

iii
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INTRODUCTION

On March 1, 1954, at Bikini Atoll, BRAVO, the first of six nuclear weapons

tests “in the Castle series, was detonated. The BRAVO device caused substantial

surface contamination on inhabited atolls within a 2,000 square mile area. The

contaminated region was cigar shaped and included Allinginae, Rongelap,

Rongerik, and Utirik Atolls which lay east of ground zero at distances from 60

to 300 miles. The fallout on Rongelap, initially visible at H+6 hours, had

thinned out to the extent that it was no longer seen at H+1O hours (G162).

On March 3, 1954, the 64 residents of Rongelap Atoll and 18 residents of

Sifo Island, Ailingi.nae Atoll, were evacuated. On March 3 and 4, evacuation of

157 Utirik Atoll residents also took place. During the first few weeks and at

least once every year from 1957 to the present, a Ilrookhaven National Laboratory

medical team, organized by the Department of Defense and by the Atomic Energy

Commission and its successor organizations, has provided medical examinations to

monitor the health of the persons initially affected by the fallout from the nu-

clear testing program, plus a comparison population. Reports of their findings

are given in Cr56, C058, C059, C060, C062, C063, C065, C067, C070, C075, and

C080 .

The Utirikese and Rongelapese returned to their home atolls in June 1954

and in June 1957 respectively. The earlier repatriation of Utirik Atoll was

based on the low level of external radiation exposure measured after the initial

3 month observation period (March to June 1954). The Utirik population waa not

examined by a Brookhaven medical team until March, 1957, when 144 people re-

ceived comprehensivephysical examinations. Following the 1957, medical survey,

two men, removed from Utirik for medical reasons, were whole body counted at

Argonne National Laboratory and provided urine samples for radiochemicalanal-

1



ysls of 13’CS. Four persons visited Argonne from Rongelap and, in addition,

137
pooled urine samples from both atolls were analyzed radiochemically for Cs

and 90Sr . Subsequent Brookhaven National Laboratory expeditions by members of

the Medical Department and Safety and Environmental Protection Division utilized

whole body counting and radiochemical analysis of urine and blood samples to

identify and quantify the radionuclides that were present in the body. The re-

sults of these radiological measurements are given in terms of body burden in

Tables 1 and 2. Throughout this paper the units of quantities are S1 derived

and those which are accepted for use with the S1 for the time being. ThUS both

the Curie and the Becquerel may be used as units for the quantity activity.

The aforementioned body burden tables illustrate adult mean values for

Rongelap and Utirik. An adult, as classified here, was a person over 16 years

of age. The mean body mass in this age interval was 60 kilograms. The observed

body mass versus age distribution is shown in Figure 1 for Rongelap residents.

The same body

Because

mass versus age distribution was observed at Utirik.

60
of the paucity of measurements at Utirik, information on Co,

65
Zn, and

35
Fe was in some instances derived from the ratio of adult mean body

burdens between Rongelap and Utirik. A mean ratio’of 2.6 was observed in body

burdens for 65Zn, 90Sr, and
137

Cs after they reached their maximum values. The

standard deviation of this ratio was 15%.

In the following analysis, personal

tervals, in conjunction with contemporary

body burden histories and residence in-

dosimetric models, are used to esti-

mate internal dose. Dosimetric distributions were constructed from the results

and a summary of the derived activity ingestion rates and dose equivalents was

provided for various subgroups of the population. Additionally, exposure rate

history curves were constructed for each atoll for the period following the

2



Table 1

Range lap fbdv Burden#

Adult ,UIe S Adult Females
3odv AdultsN“mo er 3odv Nuwer

3urden 8odv timber Days Postof Burden of Burdem-c 1 Persons Jc 1
of

Pe rsOn* kturn

5QC0
UCi PerSOnO

:.9X1O-5
Days

m !.7X1O-5 NA 2.3110-5i.3 X’G-J 37 7.8x10-3 NA

2.5xio-j
37

1
9.0xiO-3

65 2.0xi O-3
?k

65 2.2xlo-~
1370

65zn
90 2831

+.3 XI0-2 X4 3,8X1O-2
..]Xlo-i 10

NA
3.9XI0-1

L.IX1(3-2 M
i2 1

-J.2X1O-1 32 S.oxlo-l
6.IXIO-I

27
42 304

9.5x10-2 38 5.6x10-1
8.5x10-2 23

59
9.OX1O-2

639

55 61
Fe ..3.10-1

1370
:8 &.oxlo-l 12

90~r
4.1xlll-1 60 4626

:.9xlo- W :.bxlo-~]7X ,0-3 NA 1.7X10-6
.; 2.8x10-~ tAA 1

5.7X1O-3
G

24 3.5 XI0-3
I.4X1O-3 !5 304

I.7X1O-3 9
16

1.6x10-3
...9X1O-J

8.8X1(3-3
~ 3.oxl@-J

40 539
:2 7.9X1O-3 i3

7,9XI0-3 13 8.4x10-3
1370

11 257.4X1O-3
2,8xlo-~ 7 7.7X1O-3

2100
12 186.6x10-3

3.9X1O-3 12 3.7X1O-3
2466

11 3.1X1O-3 24 3561
1X1O-3 11.. 11 3.3X1O-3

3.5X1O-3 22 3927
I.3X1O-3 8

13
3.3X1O-3

3.6x10-3 26
3.1x10-3

11 4292
.9 2.8X10-3

2.5X10-3 19 4657
2.OXIO-3 5

7 3.OX1O-3
1.4.10-3 15 5022

6.6x10-3 4
7

4.2x10-3
1.6x10-3 12

3,3XI12-3 7 5368
!0 1,7X1O-3

4.3X1O-3
4

13 5753
2.8X10-34.4X1O-3 23 M

14 6118
6.3x10-4 24

(3 K4
4.6x1O+ 19

NA 7579
s.5xio-4

137C, $3 8097
I.4X1O-2 M
8.7)(10-1

8.wo-3
NA

NA 1.1X1O-2
5.2x10-1 U4

?.9XI0-1 NA 6.8x10-1
1

47 ‘4.lXIO-L NA 304
9.5X1O-J 37

69
6.7X1O-L

5.7X1O-L
37

96 639
9.6XI0-1 u 6.7x10-1 74 13704.9X1O-1
4.8X1O-I 45 6.8x10-I

22 3.OX1O-1 89 2831
3.OX1O-1 30

26
I.9x1o-1

3.9X1O-1 46 6118
1.13xlo-l 19

21 2.5x10-L
1.5X1O-1 18

51 72I3
1.7X1O-1 37 8097

NA - tk.c ●“allabl@
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Utirik Body I.urdena

Adult ?lale~ Adu it Fema Ies Mules

Body tadmber Body Number Body Nuder Daym Poat
Burden of Burden of Burden of

ULL ?ersons ,ACL
U turn

Persona Ucl Persona Days

$Oco

D L.OX1O-3 3.IX1O-3 3.5 X1 O-J 2664
9 9.7X1O* 7 .6x10-6 8.7 X1 O-4 3924

552”
3.5 XI0-1* ~

Z.7X1O-L lL 1 .6x10-1 15

9
2.1x10-L 29

1.7x10-2
1734

3.31110-2 3.5x10-2 2464

,5Fe

D l<?xlo-~ 1 .6x10-1 1 .6x10-1 6116

QoSr
1.6X1O-3 5 2.14x10-3 2 1.7X1O-3 7
1.2X1O-3 5

173k
1.3X1O-3 6 1.3X1O-3 11

m
7213

12 m 12 NA 24
I.5X1O-Q

8669
:& I.sxlo+ 17 1.5X1O-4 31 9225

4.1 X1O-1 NA 2.7x10-1 NA 3.3 X1 O-1
2.9x10-1

NA
15 Z.oxio-l

10D4
15 2.5x10-1 2U

2.6x10-1
1734

9 1. IX1O-1 13 1.8 X1 O-1 12
1.2 X1 O-1

7213

27 7.8x10-2 21 I .Oxlo-l 4.9 8309
6.2x10-2 19 A.3x10-2 17 5.3x10-2 36 9225

0 - Ratio der~wed body burden
!iA - Not ●vailable
● = Mea#ured *C Arconnc National Laboratory

L

.
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BRAVO test. These data, together with appropriate conversion factors and living

pattern models, provided an estimate of external dose equivalent.

METHODS

Exponentially declining activity concentrations have been observed in sur-

iace soil for
137CS 1291 and 90

? 9 Sr from 1954 to the present on Rongelap

and Utirik Atolls. Declining activity concentrations have also been observed

in vegetation at a rate greater than that predicted by radioactive decay.

Thus exponential decline in dietary activity was assumed and the following

general equations were derived.

u Uglfu - q“ (~i Kix~ e-(~+Ki)t)~po = ?
~e-(~+KE)t - e-(~+Ki)tJj

(1)
XiKi

fl (~ —
i Ki-KE

or

.Z’ -(~+Ki)t

~po = ~ iXie 9

Xi ‘(~+KE)t - e-(A+Ki)t,

‘1 [Zi ~
(e

J
iE

and

-(~+KE)t + (~+KE) e
Xi Ki-~E -(~+Ki) e

_(Ki+A)t

D = flAP. ~. —I,Ki-K ( (KE+~) (Ki+A) )
E

+qo~ i- [l-e-( A+Ki)tj,
i ~+K.

1

(2)

(3)

where



time post onset of uptake, days,

instantaneous fraction of atoms decaying per unit time, day-1

initial atom ingestion rate, atoms day-l,

instantaneous fraction of atoms removed from compartment i by

physiological mechanisms, day-l,

compartment i deposition fraction,

the number of atoms in compartment i relative to the number in all

compartments at the onset of declining continuous uptake, (t=O),

instantaneous urine activity concentration, Bq !2.-1,

subject urine excretion rate, !2day-l,

fraction from GI tract to blood,

fraction excreted by the urine pathway,

instantaneous fraction of atoms removed or added to the atom uptake

‘1, due to factors other than radioactive decay,per unit time, day

instantaneous body burden, Bq,

body burden at the onset of uptake, Bq,

the number of disintegrations in all compartments occurring during

the uptake interval, Bq days.

The development of Eqs. (1), (2), and (3) was based on the following convo-

lution integral. At some variable time, T, defined during a fixed uptake

interval, T, the daily activity ingestion rate crossing the gastrointestinal

tract to blood is given by

AflPOe
‘(kE+k)T

.



The whole body retention at any time t-~ of the fraction of initial radioactivity

inputed at time T is

~ ~ e-(~+Ki)( t-~)
ii .

Thus , the instantaneous activity at time t-~ that remains following input during

dT is

AflPee
-(KE+A)T ~ ~ e-(~+Ki)(t-T) dT

ii
.

It follows that the instantaneous activity at time tfi that remains following

i“nputduring T is

-(KE+A)T -(~+Ki)(tq)

J“TAflPoe Eixie d’c .
0

The solution of the integral yields a general expression that depends on

the user defining t. For example, if t is the fixed uptake interval, T, plus an

additional fixed post uptake interval, g, then the body burden at T + 0 is

given by

-(A+KE)T -(~+Ki)T ~ ~-(k+Ki) g
AP’fl

5
Xi (e -e .

K: - Kc
1 L G

As previously stated, Eq. (2) applied at

for the situation that variable time t was the

Rongelap and Utirik, it was

uptake interval. Additionally,

persons who returned to the atolls in June 1954 and June 1957 did so with an ini- “

tial body burden, q“. The behavior of this contribution to body burden,

q, was embodied in the q’ term of Eq. (2). A similar mod’elwas used to relate



urine activity concentration to body burden. Equation 3 was obtained by

integrating Eq. (2).

Equations (1) and (2) were used to determine the instantaneous fraction of

atoms removed or added to the atom uptake per unit time, ~, and then the ini-

tial daily activity ingestion rate required to produce the measured or derived

body burden. Equation (3) was used to determine the number of disintegrations

that occurred in the body during the residence intenral of an individual living

on Rongelap or Utirik Atoll.

If the mean residence time in the diet is much much longer than the resi-

dence interval, then constant continuous uptake is achieved. Equations (1) and

‘2) can be converted to the constant continuous equations by replacing KE with

-,. Single uptake expressions are obtained by setting ~ equal to zero. In

.- some cases only radioactive decay may remove the nuclide from dietary items; for

(
:-ese cases ~ would equal zero. In the case of the former Bikini residents,

the maturing of coconut trees during residence on Bikini Atoll caused a con-

tinuously increasing dietary uptake of
137CS. Thus, KE was found to have a nega-

tive value. In the case of Rongelap and Utirik, KE was found to have a positive

137CS 65Zn 60C0 and 90S=T:alue for ? 9 9 . This indicated that in addition to

radioactive decay, some other removal mechanism decreased the radioactivity in

dietary items during the residence interval. For the nuclide
55Fe, only one mea-

surement was published by the BNL Medical Program (Be72); thus an estimate of %

was not possible.

KE was determined by using Eq. (1) or (2) and the population subgroup mean

~ody burden or urine activity concentration. Portions of these bioassay data

are illustrated for adult males and females in Figures 2 to 6. Two consecutive

(

urine or body burden data points were used to eliminate the unknown ingestion
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race from the equation. This method yields n-1 estimates of KE where n was

the number of data points. An average value of ~ was assigned for each nu-

clide, and the results for the Rongelap and Utirik populations are given in

Table 3. For the evaluation of ~ from Eq. 1 and 2, radiological and

physiological parameters were obtained from the open literature (ICRP59, ICRP68,

ICRP69, ICRP79, Ki78). A representative sample of these parameters is presented

in Table 4.

Table 3

Sumuary of Dietary Rate Constants (KE, d-l)

60C0 90~r 65zn 137
Cs

Rongelap Adults

?lales 1.5X10-3 1.8X10+ 3.1X1O
-3

1.4X1O
-4

Females 1.6x1O
-3

4.1X1O
-4

3.5X1O
-3

1.4X1O
-4

Adults 1.5X1O
-3 -4 -3 -4

1.9X1O 3.1X1O 1.4X1O
Utirik Adults

Males N.D.
-4 -4

4.6xI0 N.D. 1.4X1O

Females N.D.
-4 -4

4.OX1O N.D. 1.4X1O

-4 -4
Adults N.D. 4.2x1O N.D. 1.4X1O

N.D. = No data sufficient for analysis.

The values of ~ were similar for males and females and for residents of

Rongelap and Utirik. For 90Sr on Rongelap a factor of 2 difference between
%

values was observed for males and females. The female parameter for Rongelap

Atoll compares with that obtained from the Utirik data. A paired t-test of the

Rongelap male and female data indicates that the male/female difference was

highly probable and therefore not significant. This difference leads to a
(

15
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bimodal activity ingestion rate distribution for 90Sr in the Rongelap popula-

tion.

Data for
60
Co and

65
Zn were not sufficient for analysis for the Utirik

Atoll residents. Values for KE observed at Rongelap were assigned to Utirik

males and females and body burden histories for population subgroups were

reconstructed using Eq. 1 or 2. Figures 7 and 8 illustrate the derived mean

adult body burdens for all significant nuclides studied on Rongelap and Utirik.

This method provides a best fit of the data shown in Figures 2 through 6, and

provides a body burden history during the early years post return at Utirik, a

time when body burden measurements were not made. Actual data points are also

plotted to demonstrate the fit.

The curves shown for
55

Fe in Figures 7 and 8 were obtained by setting KE

equal to zero. This underestimated the initial body burdens and overestimated-.

future ones. Since
55

Fe contributed less than 1.0% to the total dose equiva-

lent, an arbitrary assignment of KE based on observed values for the other nu-

clides was not attempted. During 1974, another series of blood samples was

55
obtained from Rongelap and Utirik (C075). Analysis for Fe has yet to be

55
reported. A recalculation of Fe body burden and its impact on early dose

equivalent rates will be conducted when the data is made available. A substan-

tial change in dose equivalent is not to be expected.

Figure 4 and Figure 6 illustrate the observed adult histories of
90

Sr and

137
Cs mean urine activity concentrations. Mean values for adult males or all

137
adults were plotted. Measured values for Cs body burdens were also shown in

Figure 7. A much smoother curve was plotted in Figure 7 and it was determined

that the collection and analysis technique for urine samples introduced the addi-

137
tional variations. On the basis of this observation for Cs, a smooth body

17
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burden tune for 90 Sr, reconstructed from raw data and Eq. 1, was considered ~

more accurate history. A detailed presentation of the greater variation in

radiochemical analysis of urine versus direct body burden measurements can be

found in Mi81.

Figure 9 illustrates the variation exhibited in the body burden of 5

randomly chosen subjects over the 25 year monitoring period. These individual

variations may have had a dramatic impact on the mean data. In Figure 2, which

137
illustrates the adult male, adult female, and adult population mean Cs body

burden for the 25 year exposure period, a decrease followed by an increase was

seeriduring the years 1958 through 1963. Although the Castle BRAVO test ini-

tially contaminated Rongelap in March 1954, it had been proposed that the

Hardtack Phase I series added to this an amount of contamination equal to that

responsible for the Figure 2 body burden pattern (C063). Figure 9 suggests that

most individuals counted in those years had body burdens which remained the same

or declined; however, one individual’sburden (#881 M) rose and fell quite

differently from the others. Several factors could have contributed to this

variation from the mean such as departure and return to the atoll, sickness, the

dietary contribution of imported foods, etc. Since the mean values are based

on small numbers of persons who were chosen at random, it is conceivable that in-

dividuals like 881 M influenced the mean body burdens to a greater degree than

recontamination of the inhabited atolls. The impact of the individual body

burden pattern on the true mean value is moot since body burdens of all

uals were not nmnitored consistently throughout their residence intena

in the few cases exhibited in Figure 9.

individ-

s except
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RESULTS AND DISCUSSION

Daily Activity Ingestion Rates

Daily activity ingestion rates were calculated for dosimetrically signifi -

cant nuclides post return. An exponential decline was proposed for the inges-

tion rate within a population subgroup and initial reference values are given in

Figures 10 through 14 (June 1, 1957, was assigned as a return date to Rongelap).

Figure 10 demonstrates the differences in ingestion of
137

Cs for various popula-

tion subgroups. This undulating pattern was exhibited by
137Cs 90Sr and 65Zn

9 9 ?

nuclides for which sufficient data existed for analysia.

Differences in ingestion rates of the stable element at the same geo-

graphic location have been shown to occur among members of a population (ICRP

23). Age dependent diet studies for ingestion of Cs for urban

-1 -1varying from 11 pg d for adults to 8.6 Ug d for children.

-1
type diet rose from 600 pg d for infants to 690 pg d‘1 for 5

Japan have values

Sr in a western

year olds to

3,600 pg d
-1

for 13 year olds and fell to a mean of 1,900 pg d
-1

for adults. Zn

-1
in the United Kingdom rose from 2 to 40 mg d , the higher value of Zn being

obsened in adult tea drinkers. Fe ingestion in a western type diet has a mini-

mum at age 3 and maxima at ages 1 and 20 years. Co is ingested at a rate of 20

-1
pg d for Japanese adults and half this amount for children. The Marshallese

population also exhibits dietary changes as a function of age. The authors of

the Marshall Islands Diet and Living Pattern Study (Na80) observed coconut sap

being used as a major food supplement for infants, and later in adult life QS a

major source of daily fluid intake. Since coconuts and coconut tree sap pro-

137
vialed the major source of Cs on Bikini Atoll (Le80, Mi80), the shape of Fig-

ure 10 was in agreement with the observed diet pattern.
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Figure 11 shcws the inaivlciual iata calculated for 137CS for all Rongelap

137rss idents and is referenced to June l! 1957. The individual maximum Cs daily

a:tivity ingestion rate was approximately 4 times the population mean value.

T?.estandard deviation observed for the adult activity ingestion rate distribu-

tion was 41% of the .aeanvalue, 39% of the mean value for young adults, 48% for

a~alescents, 38% for children, and 54% for infants. Adolescents and infants

exlibited a broader distribution than adults , while children showed a fractional

v.riation in activity ingestion rate similar to that of adults. Breast feeding

versus coconut sap supplements wouid have contributed to the greater variation

,>x,erved in infants. Adolescents and young adults were the population subgroups

which have been obsened to move frequently between atolls. This mobility would

;,ad to greater variations in the daily activity ingestion rates relative to

those observed in the more stationary population subgroups.

Figure 12 also exhibited a wave pattern; however, a distinct difference be-

t~<eenmales and females was indicated. This difference arose from the use ~?

values for KE listed in Table 3 which were derived from urine data for male and

female residents at Rongelap Atoll. Its major impact was on the dose equivalent

r3ce, not on the total dose equivalent; and its effect was to cause the dose

equivalent rate for males to rise and decline more rapidly than for females.

Figures 13a and 13b sumnarize the individual data for
90Sr for all

Rongelap residents and were referenced to June 1, 1957. A bimodal shape was

observed for the distributions which contained both sexes, again reflecting the

difference in the
90

Sr dietary rate constants. Data from urine bioassay

indicated that the observed difference between the male and female val’ues for %

was not significant. A t-test was performed for consecutive urine measurement

data during the 23 year residence interval. The results indicate that because

28



of urine activity concentration variability, there was a 60% probability that

the male value for ~ would be different from the female value by the factor

observed. Thus differences in the derived activity ingestion rates and dose

equivalents were not significant.

Figure 14 shows a semi-log plot of the
65

Zn and
137

Cs activity ingestion

rate histories for adults on RongeIap. A curve was drawn between points, and

137
the appearance of an increasing Cs ingestion rate during the 1960’s indicated

the possibility of another contaminating event. The Hardtack Phase I series was

conducted just prior to the observed increase in the curve and fallout from the

Cactus, Yellow Wood, and Hickory experiments detonated at Bikini and Enewetak

would have reached Rongelap. However, several obseNations fail to support the

conclusion that recontamination was significant. These are as follows: 1) the

increase in 137Cs ingestion rate was not in conjunction with an increase of

65
Zn; however, since

65
Zn is an activation product it may have not been produced

137
in the same proportions. 2) The peak Cs body burden at Utirik occurred

nearly three years after the initiating event, Castle BRAVO, while the peak body

burden at bngelap followed six years after the potentially contaminating experi-

ments of the Hardtack series in 1958. 3) The activity ingestion rate at Utirik

demonstrated a continuously declining pattern versus the humped pattern observed

at Rongelap. This occurred even though there was an equal external exposure

rate history following the Hardtack series as measured by the U.S. Public Health

Service on both Rongelap and Utirik (Un59). 4) The peak exposure rate on

Rongelap following the Hardtack series was 10,000 times less than the peak expo-

sure rate following BRAVO. ‘These facts suggest that the Hardtack series was not

a major factor influencing the Rongelap body burden patterns. Thus it is

postulated that body burden variations were caused by travel away from the atoll
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or sickness and other factors. Regardless of the cause of individual differ-

ences from the mean, a smooth description of the body burden and activity inges-

tion rate for the population could be adopted. On this basis a declining contin-

uous uptake model was use .

Internal Dose Equivalent .F.ates

The approximate instantaneous dose equivalent rates for the total body

were detenriined from the body burden data illustrated in Figures 7 and 8 and

from the following equation

ii = qI,

-1the total body dose equivalent rate, mRem y ,

equilibrium dose equivalent rate to the total body per unit body

burden, mRem y‘1 ~Ci-l,

instanteous body burden, UCi.

approximate nature of the estimate was due to the assumption that the

radioactive atoms were distributed among the body tissues as they would be fol-

lowing constant continuous uptake for periods of time much greater than the mean

90
residence time for the total body. In the case of Sr, 86% of equilibrium was

assumed. These assumptions were not used in the estimate of the total dose

equivalent. In addition, since mean adult body burdens were computed, a factor

of 1.2 was needed to adjust for differences in body mass relative to a 70 kilo-

gram adult. Table 5 lists values of I which were determined from information

given in 1CU59 and corrected for body mass differences.
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Figure 15 illustrates the relative contribution to the composite dose

equivalent rate for each dosimetrically significant internally deposited nu-

elide. For”the average Rongelap adult, the residence interval begins June 1,

1957; however, many adults were reported to have resettled during the next 3 to

6 months (Co80b). The composite dose equivalent rate indicated that a broad

maximum of approximately several hundred millirem per year persisted for several

hundred days. Most of the dose rate is attributable to the
137

Cs ccmponent Ce-

sium dominated over the entire post return period and would be of prime concern

for populations returning to a contaminated environment years after a fission

type initiating event.

Figure 16 illustrates two possibilities for the Utirik dose equivalent

65
rate resulting from the Zn body burden history during the first three years

The higher body burden resulted from use of the two measured
65Zn

post-return.
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body burden wans

Ronge1ap. It was

diet pathway each

for adults on Utirik and the obsened KE rate constant from

65
observed on Rongelap that .031% of Zn was removed from the

day in addition to radioactive decay. Additionally, reduction

in dietary radioactivity on Rongelap had been observed for
137C~ 90~r and MI

? 7 co

to be greater than that predicted by radioactive decay alone. Instantaneous re-

duction fractions very similar to those at Rongelap were observed at Utirik for

the 90Sr, and
137

Cs nuclides. The lower curve on

equivalent, dose equivalent rate, and body burden

radioactive decay alone accounted for the removal

Figure 16 reflects the dose

which would have occurred had

65
of Zn from the Utirik envi-

ronment. Since additional mechanisms could be measured for other nuclides at

Utirik and for the
65

Zn nuclide on a nearby atoll, the upper curve was chosen as

t!iemost likely body burden history for adults post return to Utirik Atoll.

Figure 17 indicates the Utirik adult mean total body dose equivalent rate

fcr each nuclide. An obvious difference relative to the Rongelap history

65 137
exists; Zn not Cs was the major nuclide contributing to the dose equivalent

rate. This was due to the Utirik population returning 3 to 4 months after the

initial contaminating event, and the Rongelap population returning after 3

years. The age of the fallout had a dramatic influence on the importance of

60
each nuclide contributing to the internal dose equivalent. In fact Co and

65
Zn played major roles during the first 3 years, a time interval that

corresponded to the period during which field whole body counting facilities

were being developed at Brookhaven National Laboratory and when medical examina-

tions for people on Utirik Atoll were not done. Additionally, pooled and/or in-

dividual radiochemical analysis of urine was not performed during this period.

The impact of
65

Zn and
60

Co was such that even if the least consemative rate

L.
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constant (KE=O) was used for Zn, the dose equivalent rate for the average

adult was in excess of Federal Radiation Council Guidelines for the first 2

years following the return to Utirik.

Internal Dose Equivalents

Disintegrations occurring in the total body of an individual during resi-

dence following repatriation were determined by several methods. Equation (3),

together with personal body burden histories and atoll specific KE rate con-

stants from Table 3, provided an initial estimate of disintegrations between con-

secutive body burden measurements. The second method used was a log-log plot of

the subject’s body burden history and an algebraic determination of area between

two consecutive measured points. The third method used a linear plot of the

subject’s body burden history. The area under the curve was cut and weighed and

compared to a standard weight of known area. Quality control procedures

required that all three methods agree within flO% before a subject was assigned

his or her total body disintegrations during residence post return. In generai,

the methods compared to within t5%.

After the total number of disintegrationsoccurring in a subject’s body

was assigned, they were apportioned among the body organs according to the fol-

lowing equation

‘~ ~i~i~i (~iciDi + ln2/A)
F=

liCiDi(ZiAiBi + ln2/A) ‘
(5)

where

FZ the fraction of total body disintegrations occurring in the organ of

interest ,

Ai ~ organ compartment deposition fraction for the element,
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Bi ~ organ compartment biological half time for the element,

c. = total body compartment deposition fraction for the element,
1

Di Z total body compartment biological half time for the element,

f; s fraction of the element from blood to organ of reference.

Equation (5) applied where significant decay occurred at the deposition

site, and not during transit or re-transit to the organ of interest. Values for

compartment deposition fractions and compartment half times were obtained from

Ki78. Values for the remaining quantities were from ICRP59.

The dose equivalents to a specific organ or the total body were determined

by using the source to target dose equivalent per unit cumulated activity parame-

ters from Ki78. The total target dose equivalent was obtained by summation of

the dosimetric contributions from all source organs. Several important modifica-

tions to the general procedure were made in order to compute individual

dosimetric results. For each person, the source to target dose equivalent per

unit cumulated activity was weighted by the ratio of a standard man’s body mass

relative to the actual mean body mass during the interval for which the dose

137
equivalent was determined. In the case of Cs, the long term biological re-

moval rate constant for the Marshallese population was highly dependent upon

body mass (Mi81). Appropriate modifications to Eq. (2), (3), and (5) were made

to reflect this dependence. Finally, for
90

Sr deposition in bone, 28% of the

source to target dose equivalent per unit cumulated activity was assumed from

cancellous bone and 72% from cortical bone.

Figure 18 demonstrates the mean dose equivalent from
137

Cs for various age

and sex groupings. The residence interval was from 1957 to 1980 for this popula-

t ion.

lowest

The adolescents and persons above 50 years of age in 1957 maintained the

dose equivalent. Persons who died during this period were not incLuded
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in the figure nor were they included in any dosfietric distributions for any of

the nuclides. Thus all persons considered, regardless of initial age in 1957,

experienceda 23 year exposure interval.

Figure 19 shows dose equivalent distributions according to age and sex for

137
Cs among the Rongelapese. The shape or the population distribution was

skewed with a mean of 1.7 Rem and a maximum of 9.0 Rem. Thus the maximum was

5.3 times the mean value for
137

Cs on Rongelap. An examination of the subgroup

distributions reveals that persons who were infants at the time of rehabitation

at Rongelap also were the recipients of the higher doses. This was due to the

combined effects of lower average body mass, a higher average ingestion rate,

137
and mre rapid turnover of Cs than that for adults or even children. The pa-

rameter having the greatest impact on the infant dose equivalent was body mass.

The standard deviation for the adult male distribution was 49% of the mean dose

equivalent, for adult females 43% of the mean dose equivalent, and for adoles-

cents 47%. Within a subgroup, the maximum observed dose equivalent was approxi-

mately twice the mean value for all distributions considered here.

Figure 20

65Zn
groups for

were the

dle aged

Measured

reported

groups

shows mean dose equivalents as a function of returning age

on Rongelap. Adolescents, young adults, and adults 50 and up

receiving lower total dose equivalents, while children and mid-

persons received higher dose equivalents during the residence interval.

65
Zn data for persons who were infants at the return date were not

in the publications by Conard et al.

Figure 21 shows the dosimetric distributions observed

65Zn
Rongelap population for . Again the population overall

for members of the

exhibited a skewed

distribution of dose with a maximum value nearly three

demonstrated higher doses than persons who were adults
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year period. The standard deviation was in general 30% of the mean value for all age

and sex subgroup distributions. This less pronounced variation may be due to

~he fact that
65

Zn measurements took place over a 3 year inte~al while 90~r

and 137Cs occurred over a 23 year interval and thus was contained in a more

homogeneous population than were the longer lived nuclides.

Figures 22 and 23a and 23b sumnarize the 90
Sr dose equivalent results for

individuals at Rongelap.

In this analysis, only the ingestion pathway was considered important.

~ome radioactivity would enter the body via the resuspension and direct inhala-

tion pathways. It is known that for a given soil concentration of the stable

naturally occurring analogs to the radionuclides considered here, the ratios

of food and fluid intake to blood relative to airborne intake to blood, are

as follows:

co > 3000 Zn > 130

Fe > 550 Sr > 10,000”

Cs > 40(3

Thus, dietary intake of radioactive material is the principal pathway leading to

internal deposition. This applies to most nuclides in the environment, however,

there are notable exceptions including I, U, and Pu.

External Exposure

A value of .73 rads in tissue of interest per rontgen,

one meter above the surface, was used to convert exposure in

measured in air at

air to absorbed dose

in tissue. The source was assumed to be an exponential distribution of
137

Cs ac-

tivity with depth in soil, typical of aged fallout (Be70). Because of the

multidirectionalnature of the source, variation of absorbed dose with depth of

organ was minimal. Additionally, external doses were adjusted for living pat-

(
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tern variations since the atolls present a heterogeneous exposure rate environ-

ment (Gr77).

External exposure calculations are based on Figures 24 to 26 which were

derived from data listed in Cr56, Sh57, Un59,

line portions of the curve was detemnined by

x=
‘2t2 - ‘1 ‘1

n+l

where

x= external exposure during straight

and Gr7J. The area under straight

9

. .

llne Interval, mR,

(6)

-1
‘2 2

exposure rate at the end of the intenal, mRh ,

-1
‘1 z

exposure rate at the beginning of the interval, mRh ,

‘2 =
time post detonation at the end of interval, hours,

‘1 :
time post detonation at the beginning of interval, hours,

n~ slope of a straight line.

Data from 11 detonations during May, June, and July of 1958 (Sh57) indicated a

mean fallout deposition exponent of 18.8. This mean value was observed at

Utirik, Rongelap, Parry, and Motho and was applied to early time post detonation

of BRAVO to obtain the initial increasing exposure rate history shown on

Figures 24 and 26. This method yielded a fallout deposition period of 5.5

hours on Rongelap and 12 hours on Utirik. This time compares well with the

original observations reported by the Marshallese and by U.S. Navy personnel

stationed in the area (Sh57). Initial dose equivalents on “acute doses”

are developed in greater detail in another report.
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Figure 25 demonstrates the external exposure following the 1958 testing se-

ries. Since return to Rongelap followed 3 years after the BRAVO contamination,

this series contributed in large part to the external exposure post return.

sUMMARY

The Castle BRAVO shot of March 1954 caused the contamination of the

inhabited atolls Rongelap and Utirik. Evacuation from Rongelap commenced 50

hours after detonation and from Utirik 55 hours after detonation. During June

1954 and June 1957 the return of the Utirikese and Rongelapese occurred respec-

tively. Body ‘burden data for dosimetrically significant nuclides were obtained

throughout the residence interval post return primarily by direct in vivo gamma

spectroscopyand by indirect radiochemical analysis of urine and blood.

The dosimetric models used in this analysis were representative of a

declining continuous uptake regime. Dietary decline of radioactivity included

radioactive decay of the source and a conglomerate of other factors which might

have included increased use of imported foods and weathering of the source. Di-

etary loss rate constants were estimated from sequential body burden data and

were comparable for both atolls.

Variation in body burden history data for a particular nuclide on a partic-

ular atoll was obsened in whole body counting data and urine bioassay results.

This was attributed principally to the statistical variation encountered when

small groups are sampled from a heterogeneous group of body burdens in people,

and in the case of urine bioassay additional variation was introduced during the

laboratory analysis of samples.

Daily activity ingestion rates were determined for all measured

radionuclides. In general, infants, children, and adults between 20 and 40
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years of age ingested more activity each day than did adolescents and persons

greater than 40 years of age. Maximum deviation from the average value of the

daily activity ingestion rate for members of an age subgroup was no greater than

a factor of 3. However, the population distributions illustrated a maximum fac-

tor of 5 times the mean activity ingestion rate value.

Dose equivalent rates post return were determined for members from both

atolls. For Rongelap Atoll, the residents received approximately 100 to 200

mRem per year during the first 5000 days post return from internal emitters.

137CS
The principal contributing nuclide was . For Utirik Atoll, the residents

received up to 15 Rem per year fiuring the first

65 60C0
contributing nuclides were Zn and . Dose

Utirikese from internal emitters fell below 500

400 days post return. The major

equivalent rates to the

mRem per year at approximately

1200 days post return.

The dose equivalent for population subgroups and for individuals.was deter-

mined. Table 6 sunrnarizes the results for the total body, thyroid, red marrow,

testes, ovaries, lower large intestine wall, and liver. The catenary compart-

ment model of Bernard and Hayes (Ber70) was used to determine doses to various

segments of the gastrointestinal tract. The Utirikese received significantly

65Zn 60C0 and 55
more radiation dose from 9 9 Fe than did the Rongelapese because

of short mean residence times of these nuclides in the environment.
90Sr doses

137
to the Rongelapese were 2.5 time greater and Cs doses 1.5 times greater than

doses received by persons at Utirik. This occurred even though Utirik residents

returned to their atoll 3 years earlier and somewhat reflects the degree

to which Utirik was less contaminated than Rongelap.
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Table 6

Chronic Phase

Dose Equivalent Suusnary,Rem

Total Body Thyroid

Utirik Ronge lap Utirik Rongelap
Nuc lide Adults Adults Adults Adults

9osr .012 .027 .00075
55ye .033

137qs
.023 .059

1.1
60C0

1.7 1.6
.51

65Zn
.014 .36

13. .076 11.
Internal 14. 1.9 13.
External 3.2 2.0 3.2
Total 17. 3.9 16.

Red Marrow Testes-Ovaries

.0017

.042
2.4
.010
.067

2.5
2.0
4.5

90:r .054
ss~e
137(.s

.060
1.7

60::0
65Zn

.63
17.

Internal 20.
External 3.2
Total 23.

.12 .00075-.00075 .0017-.0017

.042 .058-.062 .074-.043
2.6 1.5-1.7 2.3-2.6
.018 .44-1.8 0.12-.050
.10 11.-16. .069-.099

2.9 13.-20. 2.5-2.8
2.0 3.2 2.0
4.9 17.-23. 4.5-4.8

Lower Large
Intestine Wall

90~r
55Fe

.23 .57

137~~
.067 .047
.59 .90

60C0 4.7
65:n

.13
15. .091

Internal 21. 1.7
External 3.2 2.0
Total 24. 3.8

Liver

.00067

.12
1.8
.79

17.
19.
3.2

22.

.0015

.080
2.7
.022
.14

3.0
2.0
5.0

(.
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Ab<cract

This study surmnarizes information on diet and living patterns for the
~ayshallese. The data was derived from literature, answers to questionnaires,
personal obsewations while living with the Marshallese for periods extending
from months to years, and from direct participation in their activities. The re-
sults reflect the complex interactions of many influences, such as, the
gathering of local foods, the receipt of food aid through programs, such as,
school-lunch; typhoon-relief, food distributed to populations displaced as a re-
SUIK of nuclear testing, and in recent times the availability of cash for the

purchase of imported foods. The results identify these influences and are there-
fore restricted to local food diets while recognizing that the living patterns
are changing as local food gathering is replaced by other food supplies. The
data will therefore provide the necessary information for input into models that
wi~l assess the radiological impacts attributable to the inhabitation of the
Marshall Islands. It is recommended that this study should be continued for at

@
least two to three years in order to more accurately identify trends in local
food consumption and living patterns.

obi~ctive

The goal of this study is the evaluation of dietary and living patterns
anong the inhabitantsof the Northern Marshall Islands. These data will be used
as input to the dose estimation models (external and internal) that are being
developed for the Marshallese who continue to inhabit or will inhabit areas
previously contaminated by radioactive fallout from U.S. Pacific Nuclear tests.

Introduction

This study, by the Safety and Environmental Protection Division (S&EP)
the Brookhaven National Laboratory, is a continuation of work which began in
1974 as part of environmental monitoring programs for Bikini, Rongelap and

of

Utirik. The Northern Marshall Islands Radiological Survey (NMIRS~ of-1978 pro-
vided an opportunity to carry out a study in e~tensive detail, since the role of
S&E? was devoted exclusively to diet and living patterns. Since then, two of
the authors, (G. Knight and J.R. Naidu), have continued the study in order to in-
crease the data base obtained through this work. As pointed out in a prelimi-

‘:P.O. Box 782, Majuro, Marshall Islands
**8 Platt Street, East Norwalk, Connecticut 06855
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nary report to the NMIRS group, one of the key requirements for reliable data
gathering is the isolation of the islanders from the “outside” influence of
field trip ships and from scientists conducting environmental ~r medical
studies. This stems from the fact that the Marshallese tend to give such in-

quires answers which they think are being sought, rather than to provide the Ob-
jective information desired. Thus the NMIRS program, wherein three of the au-
thors spent short periods of time in residence at each island, served to provide
a basis for comparisons with past observations, and to establish a foundation
for subsequent studies following the NMIRS. Tnese studies have now been
extended through L979 and are expected to continus indefinitely.

Methods

A thorough review of all existing literature was performed [1-6j. Earlier
studies (1,2) had as their goals the quantitative and qualitative assessments of
f~od intake, and the establishment of its nutrient value. However, it became ap-
parent during the current study that the earlier studies suffered from cercain
unintended biases which were the result of inquiries made during short field
trip visits. We have ascertained that these biases can be minimized by

utilizing an observer who has become integrated into the local community to the
extent that his or her presence has a negligible impact on community life. The
authors of this report have spent periods extending from months to years on the
various islands in the Marshalls, during which time they have become an integral
part of the island communities, partaking of the local food and participating in

(as well as observing) community living patterns. On the basis of this experi-
ence, the authors developed a questionnaire which was used to generate much of
the dietary information presented in this report.

The generalized information presented in the main body of this report rep-

resents a synthesis of the direct observations of the authors, and of the survey
data from the questionnaire. Most of the detailed information, which forms the

basis for these generalizations, pertains to the following: Islands/Atolls stud-
ied, specific aspects of island living patterns, seasonal phenomena, types of
fish and methods of fishing, edible birds, individual family food consumption
patterns, (imported) food subsidy programs, community cooperative store stocks,
and satistics on the edible fractions of local foods. All of the above informa-

tion’ is included in the Appendices.

The following dietary interview was prepared in an attempt to determine
the local diet by posing questions to the islanders themselves. It was taken to

a number of communities at Rongelap in Rongelap Atoll, Lltirik in Utirik Atoll,
Mejit, Ailuk, Wotho, Jabor in .laliutAtoll, at Killi Island and Majuro.

The questionnaire of the dietary interviews, which is in Marshallese but
presented here as a literal English translation, was as follows:

@
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F’@ Marshall Islands Dietary Interview

In answering these questions, please answer in respect to those of your family

who presently live at your house and in respect to only those who eat with you
every day.

How many people of school age or over are in your family and eat with your fam-
ily every day?

Wat is the name of the island where you presently live.

1) How many mature coconuts do you use to prepare coconut milk to mix into
your family’s food in a typical week?

2) HOW many mature coconuts do you grate to mix into your family’s food in a

typical week?

3) If you are an adult and 18 years or over, other than the mature coconuts

mixed into your family’s food, how many other coconuts do you eat in a typical
wee<?

4) With respect to your children or brothers and sisters of ages 10 through
18, other than the mature coconuts mixed in the family’s food, how many would

you expect one of them to eat in a typical week?

B e ‘:k:fyouareanadu’”
how many drinking coconuts do you consume i.na typical

6) And if you are an adult, how many of these coconuts that you drink will you
also eat the soft meat thereof?

7) With respect to your children

how many unripe coconuts would you
week?

or younger
expect one

siblings of ages LO through 18,
of them to drink in a typical

8) And in respect to these children, how many of these unripe coconuts that
one of them would drink would you expect him t-oalso eat the meat thereof?

9) If you are an adult, how many of the kenawe coconuts (in a similar fashion
as pandanus, the entire husk is sucked and chewed and a considerable portion is
eaten) do you eat during a typical month?

10) In respect to your children or younger siblings from ages 10 to 18, how

many of the kenawe coconuts would you expect one child to eat during a typical
month?

11) How many of the sprouted coconuts do you cook the iu (haustorium) thereof
in preparing traditional dishes to be served at family ~als in a typical week?

12) Other than the ~ prepared for the family meals, how many iu do you eat in
a typical week?

—

*
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!3) In respect to the children, how many ~ does one child eat in a typical
‘week?

e

i~) If you are a man who makes iekaru (tapped nectar of the coconut flower),
how many half-gallon bottles does your family use to drink or mix with the fam-

ily food each day?

15) How many pandanus do you cook and make into pulp to mix with the family

food or to presewe into Jankwon in a typical week during pandanus season?

16) Other than the pandanus you mash into pulp, how many will you eat yourself?

17) In respect to the children, on a typical day how many pandanus does one
child eat?

18) During breadfruit season, how many of the bukrol or batakatak varieties do
you prepare for your family in a typical week?

19] How many of the bukrol or batakatak varieties do you use to preserve into
5wido to be eaten by your family during a typical year?

’20) During the season for the mejwan variety of breadfruit, how many do you pre-
pare for your family in a typical week?

21) Other than the mejwan you cook for the family, how many of the ripe fruits
do you ear in a typical week when this variety of breadfruit is in season?

22) In respect to the children, how many of the ripe fruits do you think one

child eats in a typical week?

23) How many of the mejwan variety of breadfruit do you preserve into iankwon
for your family to eat during a typical year?

24) Other than the mejwan breadfruit itself, how many nuts of this variety do
you eat in a typical week when it is in season?

25) In respect to the children, how many nuts of the mejwan do they eat in a
typical week when it is in season?

I 26) HOW
i for your
I

27) How
( to eat?

many blocks of arrowroot starch (about 10 lbs) do you dig and prepare
family to eat during a typical year?

many (pounds of) fish do you cook during a typical week for your family ;
(A good sized rijin species weighs about 2 lbs.) :,

28) How many pumpkins do you cook for your family during a typical year?
;
.:

29) How many stalks of starch bananas do you cook for your family during a tYPi~
cal year? i
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30) How many stalks of sweet

B @ ,~ar?

31; If you are an adult, how

bananas does your family eat during a typical

many papayas do you eat during a typical month?

32) In respect to the children, how”many papayas would you expect one child to
eat during a typical month?

33) How many (pounds of) sweet potatoes do you cook for your family during a
t;:picalyear?

3~) In respect to any other locally grown foods not previously mentioned,
please list the foods and the amount eaten by the family during a typical month
or year.

35) How many chickens do you kill and prepare for your family during a typical
month or during a typical year?

36) In respect to wild birds, how many times do you make a meal of them during
a typical month or year?

37) How many times do you make a meal of pig during a typical month or year?

38) HOW many times do you eat turtle during a typical month or year?

39) How many times do you eat lobster during a typical month or year?

40) How many times do you eat giant clam during a typical month or year?

41) How nany times do you eat the various types of ocean snails during a typi-
cal.month or year?

42) How many times do you eat octopus during a typical month or year?

43) How many times do you eat the coconut crab during a typical month or year?

44) How many times do you eat clams (other than giant) during a typical month
or year?

45) Please circle the months that breadfruit. is in season.

Jan----
Feb.---
March--
April--
May----
June---
July---
Aug.---
Sept---
Ott ----
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Nov ----
Dee ----

+6) Please circle the months that pandanus is in season.

Jan----
Feb.---
?larch--

April--
?lay----
June---
July---
Aug.---
Sept---
oct----
Nov,---
Dec----

The feasibility of obtaining a total profile of a typical diet from an in-
:erview stems from the prevailing environmental conditions in which the variety
]f available foods is quite restricted. There is aLso a very limited trading
-~conomy - both the variety and availability of imported foods being restricted
>y the limited capital of those who import and retail such goods. rhus the l“im-

.ted availability of cash affects both the variety of traditional foods and the
~mount of contemporary imports as well. Thu S , the typical diet is very “day to

day”. This makes it possible to obtain relatively accurate estimates on a ques-
:ion and answer basis.

. .
Tradltlonally, one of the most respected talents is the ability to quickly

Iivide large amounts of local food equitably among large numbers of families at

island celebrations. The authors have observed the skill of both men and women
at this task. Therefore, due to these environmental, economic and cultural fac-
tors, it appears that the islanders themselves may eventually produce more accu-
rate estimates of the foods they eat than those likely to be obtained by outside

~bservations.

A cncial problem for an outside observer is that of finding the “typical”

family upon which to base his observations, since individual families consume
variable amounts of local foods. Some appear to eat primarily a local diet,
while that of others contain many imported foods . An analysis of the individual
answers of the interviews shows the scope of this variability. However, observa-

tions indicate a large variance about the average which reflects wide variations
in personal preferences for foods. This is not to suggest that direct

observations, especially if made during a complete 365 day cycle, would not
yield significant results - but only that such results could not be considered
“average’lunless observations of a large number of individuals were made. Such

a study would show a “typical maximum” or “typical minimum” diet of such
families, due to the fact that they would represent such extremes from the norm

that they would stand out to the observer whereas the “typical average” diet of
the normal family does not. Therefore an outside observer would have no way of
choosing which typical family to observe.

.—.
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The interview data does not provide the “typical average” of the local

‘-od consumed by the islanders of the various communities. Rather they provid~..

estimates which approach the “t~lpicalaverage.” An interview of forty-four ques-
[:ons cannot provide a direct and straight forward “typical average” of local
mod actually consumed. The islanders provide better estimates on food they ~-
~are rather than on food actuall.~eaten. Within the interview, emphasis was
piaced on the amounts of food prepared for the family on a weekly basis, since
:his was felt to be the most easily answered question to pose concerning the
~~cal diet. Since the Marshallese are by culture food gatherers they know more
>r less how much food they regularly gather and how much they have co cook to
keep their families adequately fed. However, not all the food cooked for the
family is eaten. Since there is no refrigeration, an undetermined quantity of
!ef:-overs is probablY on manv occasions wasted or more likely fed to pigs or in

~ome cases chickens. ,Most families keep a pig or two and at least half the diet

]f these pigs consists of left-overs. Thus , the present study provides a more
Jsable indication for food cooked but not necessarily eaten by the family.

Another problem in obtaining accurate estimates of food consumption is due
to food sharing, which introduces a significant variable into the calculations
5ased on the outside observer and interview methods. Food sharing is a
..llturally induced readiness to feed not only family members, but anyone present

as well. An island society is quite open and islanders roam freely from one
:L!ydseto another at leisure. Thus there is a tendency to prepare a larger

:mount of food then needed for ones immediate family. The problem then is to es-
c~mate the amount of food given away. This is a difficult estimate to make,

even for an Islander, as it is by no means a consistent amount. What is known
.s that the Marshallese cook regular amounts, and that they can provide reasona-
>Iv accurate estimates on how much they prepare. It is not clear how much of
tnis the family actuaLly consumes. To try and pin the islanders down on this

gl~estionduring an interview is difficult. Every man knows from habit how much
food he needs to regularly gather to provide for his family. He can only guess

“nowmuch of this food he occasionally gives away. It was this circumstance that
prompted us to concentrate our interview questions on the amount of food regu-
~arlv prepared, even though it appears that some portion of this food is given

away. In the authors’ judgement, it seemed best to start with the most reliable

estimates possible, and then to proceed from there with further study and compar-
ison.

It should be noted then that the averages obtained from the answers to the
various questions of the interview are in many cases based on food prepared for

family members. Such averages are labeled per family member (PFM). They were
computed by di,vi.dingthe total amount of food prepared by all families by the

total number of family ❑embers associated with the individual adults inter-
viewed . Had each member of the family been interviewed (an obviously important

step in future studies) the amount cooked (less the amount wasted) should be
roughly equal to the total amount eaten. Thus, the problem of food sharing

could have been successfully by-passed. However, due to time limitations, the
inability to interview those reluctant to participate, and a concern not to in-
convenience the islanders in any way meant that an inclusive study of all family
members (which would entail active cooperation at all levels of the government
of the Marshall Islands) has yet to be compieted.

-7-
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Therefore, this attempt to seek estimates from the islanders themselves

concerning the actual amounts of local foods in their contemporary diet should
be used not as a definitive answer ~o the question of what constitutes the @

“typical average.” Rather it should be regarded as a feasibility study on the
possibility of obtaining the desired information in this way. In the authors’
Judgement, the averages obtained from the interview study represent
overestimates. They should be so considere ntil such time as further study
proves them accurate or (more likely) provl~ . representative estimates of food
sharing and wastage, which could be folded into the study to provide more accu-
rate consumption estimates. Until such time as the factors involved are more
Thoroughly understood, the feasibility of obtaining a “typical average” estimate
from the interview method is in question. However, the present study
establishes an upper limit, which has been confirmed by (a) an estimate of the
.alorie intake based on calorie value of foods (1, 2j, and (b) the quantity of
:ood that is available and is gathered on the islands.

qesults

The data obtained from the interviews and observations made by the authors
since lg70 suggests that the diet patterns can be divided into three typical
categories or communities. These communities have the following
.haracteristics:

Community A:

a. Maximum availability of local foods

b. Highly depressed local economy - living within income provided by
selling copra

c. Low population

d. Little or no ability to purchase imported food

Community B:

a. Low availability of local foods - except fish (which can form as much

as 33% of the total diet as a result of excellent fishing in the
area) .

b. Overpopulated - resulting in low per capita availability of local
foods ●

c. A good supply of imported foods (supply boat comes in every two to
three weeks) along with the availability of jobs.

Coummnity C:

a. Low availability

b. Large government

of local foods, even the fishing is poor

food program

-8-
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c. Overpopulated

A. A good supply of imported foods and availability of cash to buy them,

The results of the interviews and observations are therefore categorized
ac:~rding to the three communities defined above and are tabulated as follows:

Ta’ble- 1: For Community A indicating the quantities of local foods
consumed

Table - 2: For Community !3indicating the quantities of local foods
consumed

Table - 3: For Community C indicating the quantities of Local foods
consumed

Rpcults and Discussion—

One of the most significant results of the dietary interview was the deter-

mi--.]tionof the relative portions of local foods in the islander’s diet. Tables
1 ta 3 show that the amounts of local foods prepared and eaten varies consider-

ab~v in each community, but that the relative proportions of the local foods
~+,.cn are prepared and eaten are strikingly consistent, regardless of the reSPeC-

t:’-e availability of imported foods in each of the three communities. With re-
sp,ct to imported foods, Commu~(A) was chosen on the basis of low availabil-
iE*7. All islanders of this conmnunity are primarily copra producers and retain
th+ir traditional food gathering lifestyle in an area of correspondingly maximum
10:31 food availability. Community (B) was chosen because of high availability
oi imported foods due to the presence of a well stocked co-op store and the ~-

li:?ration of government jobs. No copra is made at community (B) and as noted
elsewhere in the ?larshall Islands the development of a “westernized” economy re-

sults (primarily due to the limited land area) in a corresponding minimizing of
local food availability. Comnunity (C) was chosen for its large food subsidy
and the low availability of local foods resulting from high population density.
It is assumed that imported foods are highly available at (C), moderately avail-
ab:e at (B) and of limited availability at (A). From Tables 1, 2 and 3 it ap-
pe.irs that the consumption of local foods is 100% for CotmnunityA, 33% for Commu-
nity B and 25% for Community C, of the total diet (local and imported food).
There is a tendency for the islanders to prepare and cook less local food as
imported foods become more and more available. Nevertheless, the relative por-
ti~ns of the local foods eaten appear to remain constant regardless of the avail-
ability of imported foods either from a “westernized” economy or a food subsidy
pr,:gram. This is dramatically evident when we compare the amount of coconuts

(in all stages of growth and in the different modes of preparation) consumed,
for example, they constitute: 55% of total local diet in Conxnunity (A), 58% in
Community (B) and 47% in Community (C). The relative portions of the various
other local foods seems only to change significantly due to environmental
conditions. For instance, the fishing at community (B) is widely reputed to be
the best in the Xarshalls. This expl~ins why fish-
di~t at (B) as compared
exists limited opportun:

Is

accounts for 36% of the local
to 29% at (A); whereas the islanders at (C) (where there
ty for fishing) estimate f sh to be only 19% of the
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local rood they prepare Kor their families to eat. It may therefore be
concluded that the local diet is basically quite uniform and that it changes pri.-
maril-ydue to environmental conditions. The effect of imported food is not so
much to change the elements of the local diet but simply to reduce them
proportionately, The only exceptions to this tendency towards proportionate
over-all reduction are Jekaru (coconut sap), Mokmok (arrowroot), and Jankwon
(preserved mejwan breadfruit and preserved pandanus). This may be due to the in-
tense labor invoived in the processing and preparation of these three foods.
They appear to be the first traditional foods to be replaced from a total Local
food diet by imported sugar, rice and flour. However, further studies are

needed to conclusively demonstrate this.

With respect to cowunity (A) where estimates showed the food prepared and

eaten to be nearly 100% of the total diet, it is clear that these estimates ex-
ceed the actual amount that could conceivably be consumed, even by all the fam-
ily members. This is especially so considering the fact that this group OE fam-
ily members includes women and children who could not possibly consume all that
food on a daily basis when we know that they are eating significant quantities
of imported foods as well.

Table 4A and LB represent a typical maximum diet. It represents the most
conservative estimate on the total gram weights of the various local foods which
could conceivably be consumed under the assumption of a 100Z local diet.
#

Tlneseestimates are based on the assumption that all the Marshallese liv-

ing on outer islands regulate their dietary habits to a certain extent to a pat-
tern parallel to environmental conditions and the natural food gathering cycles

that are governed by these conditions. It is based on a general observation

that most islanders do eat local foods. These estimates also indicate how much

of a particular food is eaten (by a typical adult and child) during a given
foods ‘ peak season or seasons. They do not consider those periods when a partic-

ular food is scarce or otherwise difficult to obtain. Since these estimates are
based on a cycle of one year, it seems reasonable to assume that this method

could provide an estimated maximum. It has also the advantage of being based on
principles and assumptions which are scientifically verifiable. The various

growing seasons are subject to yearly change. Also the length and production of
each growing season varies somewhat from year to year. In calculating the maxi-

mum diet the tabulations reflect a somewhat higher percentage of jekaro, coconut
and pandanus than could reasonably be expected.

It should be noted that an individual existing totally on such a diet
would have to be carrying out a very active food gathering existence, and would
therefore have very little time for other endeavors. In short, he would have to

return to the preutodernized state his ancestors were living 200 years ago. It
should also be noted that a higher maximum consumption of any one type of food
is conceivable though it would be unlikely for two reasons. One, is the fact

that the premodern Marshailese society as well as the contemporary society is
very communal in its food consumption patterns. This means that food sharing is
extremely important, and therefore if any one person gathers a great deal of any

one particular type of food, he is more likely to divide it up and give it away

-1o-
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Interview

Quest ion gramsj

No. weeks—— ——

1 192
2 480
3 12.48
k 1104
5 7199
6 1820
7. 6440
8 2]97
9 160
10 230
11 1380
12 23.40
13 1740
16 2fi&6
15 225
16 4158
17 4326
18 2500
18 I5f30
19 2ofko
20 1496
21 720
22 315
23 300
24 248
25 263
26 218
27 3084
28
29
30 weekly consumption not

31

No. of

week S
52

52

52

52

52

52

52

52

52

51

52

52

52

52

52

12

12

II

11

15

12

6

6

)0

6

6

7

52

possible

32 to determine as such only annual

33

34 figures given.

35

36

37

38

39

40
41
42
43
44

I,tll,

grams/

vr
— .—

9984
24960
64896

57408

-J743bff

94640

3?4880

114244

8320

1 I 960

11760

121680

9n4flf)

137592

11700

49896

51912

27500

16500

30000
17952

4320
1890
3000
1488
1578
19b6

160368
2oof3
75f30
7500

12120
12600

364
7182

500
20’37

850
10(30
500
750

11400
r13

4500
2150

1: I ,>rml(l!lty A-——_—— .—..—

Mdrsha])est’

name for

F Ond

el

Wainl

Wa ini

Wa ini

drf. nin III

Med i“

cfren)n ti)i

fled 1

Kenawe

Kenawe

i u

iu

i II

.Jekaru

Jankwon

Rob

fkoh

Ratakatak or

(ftukrol )

(Bl,krol)

flelwan

Me iwar]

Me jwan

lie jwan

Kole Nut

Kole Nut

nmkm(,k

ik

punk i

hi nana

hinana

kanapu

kanapu

potato

local vegetable foods

hao Iol

bao Iln

pik
won

wor

kahor

iernl

kwi d

harolah

cl ams

Eog] I sh
,.y,, lv’llrllt

cocorlut grated for cocot>tltml Ik

coconut ri pe for copra

c,nconuf rtpe f,)r copra

coconut ripe f<)r copra

c(xontlt water

tender cocon,ac meal

c,)c<>n,lt waIer

tender coconoc meat

cncontbt variety–ran ht. PaIeI> raw

C6>COn Ut Varirt v-can he eaten raw

par>. fanus

pandanl)s

pandanus

hrl-adfl-,,

hreadfrt]

I,reaclfr{,

breadf ru

plllp

t different var

t ditferent v,]r

t different var

L with seeds

hreadfrliit with seeds

hrea,lfru)t with seeds

breadfruit with seeifs

seeds of brea~ifru!t

seeds of hrea,ffr~]it

arrowroot

tlsh

pumpkin

banana

banana

papaya

papaya

sweet pocat,>e

local vegerahle foo’fs

p(>l,ltrv

wild bird

pork

tt8rtle

I,,hster

giant clams

snai I s

0’. t <Iplls

coconatt crab

clam. (small)

Ply

Vty

CJtv
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Table 2: C(mmrllnl t y B

I

I

Interview

Quest ion gram / No. of

No. week, weeks

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2a
29
30
31
32
33
34
35
36
37
38
39
40
41
62
.43
44

49.4
264
216
I44
3611
702
2300
416
0.25
0.5
350
700
830

1200
2688
1680
450

245
380

52

52

52

52

52

52
52
52
52
52
52
52
52

3

3
3
2

2
8

272 8

18.3 8
40.8 8

1364 52

weekly consumption not possible

to determine as such only annual

figures given.

gramsl

_Yx--

2569

13728

11232

74$8

187772

36504

I 19600

21632

13

26

18200

36400

43160

15600

34944

21840

5400
1750
2960
3040
2176

146
326

70928

2800
4000

1200
3250

500
41
50

f+250
4250
7)25

350
1075

Marshal lese

name for

f Ooli

El

Waini

Waini

Waini

drenin ni

Medi
drenin ni

Medi

Kenawe

Kenawe

iu

iu

iu

jakaru

Makon (lankwon)

Rob

Boh

Bukrol or

Batakstak

Me jwan

Me jwarr

Me jwan

Me iwan

kole nut

kole nut

moktiok

ik

punk i

birrana

binans

kanapu

kanapu

potato

local vegetable foods

bao Iol

bao Iin

pik

won

wo r

kabor

jerol

kwid

barolab

clams

Engilsh

-3.!L!@””t —

coconut grated for coconut ml lk

coconut ripe for copra

coconut ri pe for copra

coconut ripe for copra

cocnnllt wster

tender coconut meat

coconut water

tender coconut meat

coconut variety-can be eatetl raw

coconuit varlet v-can he eaten raw

coconut ‘apple’

cocon,lt ‘ al, pie’

coconut ‘applp’

nectar from coconut bud

pandanus

pandanus

pandanus

brearffru

hreadfru

hreadfru

breadfru

breadfru

hrt=adfru

seeds of

seeds of

arrow roo]

fish

pumpk i n

banana

banana

papaya

papaya

pulp

t d] fferent var

t different var

t with seed

t with seed

t with seed

t with seed

bread frt,lc

breadfruit

sweet pocatoe

local vegetable foods

poultry

wild birds

pork

turtle

Iohster

g,l ant clam

snails

octopus

coconut crab

clams (small)
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ety
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Interview

Question grams/ No. of
No. weeks weeks

1
2

3
4
5
6
7
8
9

10
11
12

13
14

15
16
17
J8
19
20
21
22
23
24
25
26
27
2a
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

874 52

266 52
312 52

336 52
2139 52

936 52
1035 52

286 52
12.5 52

55 52
100 52
&60 52
240 52

200 13
1806 13
1680 13

800 12

408 12
225 8
225 8

56 8
42 e

590 52

weekly consumption not possible

to determ

figures g

ne as such only annual

ven.

grams/

_L!___

45448
13728
16224

17472
111228

48672
53820
148?2

650
2860
5200

23920
12480

2600
23478
21840
9600
3300
4896
1800
1800

4f+8
336

30680
1700
2800
3200
1320
2880

200
250
125
150

5325
1013

638
1950

Mdrshallese
name for

food

El

IJa ini

Waini

Waini

drenin nl

Me(t 1

dren]n n)

fled i

Kewane

Kewane

i II

iu

iu

jekaru

Ptokon ( jankwon)

Bob

8ob

8ukrol nr

Batakatak

Me jwan

Me jwan

Me jwan

Mejwan

kole nut

kolc. nut

mokmok

ik

punk i n

binana

binana

kanapu

kanapu

potato

local vegetable foods
bao lo]
bao lin
pik
won
wor

kabor

jerol

kwid

barol ab

c 1 ams

COCOnut grated for coconut ~i lk

coconut ripe fur copra

coconut ri pe for copra

coconut ripe furCC,p~~
coconut Water

tender coconut meat

cocontat water

tender cocontjt meat

coconut variety-ca” be eaten raw

cocont, t variety–can be ~aten raw

coconut ‘apple’
corontit ‘ apple’
coconut ‘apple’

nectar t[<m C“c,>”ut b,,~
pandana,$ pulp
ptrndan<ls
pandanus

brt-adfru]t dlffere”[ variety

breadfruit diff..rent variery

breadfrtiit with seeds

hreadfrui[ with see(f~

breadfruit wlrh seeds

breadfruit with seeds

seeds of breadfruit

seeds of bread fr”lt

arrowroot

fish

pumpkin
banana
banana

papaya
papaya
sweet pota toe
local vegetable foods

poultry
wild bird
pork
turtle
lnbster
giant clams

snails

Oc [opus

c,>con,, t crab

clams (small)



-. ..., . .. -------

Ue. k 1 2 J

West Ion

~ > ~ ~ g 9 1(I ~1 11 IJ 1. 1> lb

.?66 266 266 266 ‘!66 26b 266 2bb .lt, b :bt, 2C>6 <(,(! Ltm

1610 1610 1610 1610 lbll.1 Ibl(l lblo lbio 1611) 1111,1 1610 1,,10 Ibl[!

10I+65 10L6j l(J4b5 10465 10465 1066> lIJ4b5 llJ. b5 10’. t)> 1,).0> 11).,, lL1. cI, Itl. b>

II

i m

1<,1{!

I(li. <>>

:: /,,

1(1<)

,[)!1

1,11)(1

5bll
J~,,(,

100

1()(1

In

Ibb

Ibl,!

10.0,

Yl(l

Iu(l

. ,,,,, )

t) 1(1,!

‘JW
~J~o

100

101)

J()

)t,b

Ir,il)

t>,.{,

v(t)

\\!<l

,,,,)(,

,,1!,,1

1>(1(1

~,~,,(,

100

1O(J

:,

:bb

1610

t, ,.,,

~,)1,

$,,,$

.,,!, (,

b I(ILI

JC,(Ii,

~,~[,,,

1110

I 110

.!/

.’bt

,,,1, ,

;
,, ,,

/
‘,, !,,

(

,,,,,

t

, ,,,!,

; ),, ,

1 lbb 266 16b
2
3

1
1610 161(2 1610

4

1t>1>

Itll(l
I,.,.(I
~1(1

161,

It>l$t

r)., ,,,

91(,

Jb(,

[!14)

,,, ,,,

‘,1, ,2275 2215 227> 2275 ,/1)5

I(NJ 1011 JO(Z 301) I(K) 100 )()[) J()(J 11)0 1,1,) i,)<,161$) 1o11$41,) $1,1, !OC,

2>(10 2500”

h301)

).,(,(, .,>ll,) 2,.111, .,,,,),,.,,,,,,,

b IOU b )0(2 b 1(,() b )00 bJ(1O t,J(IO t,J1lU [ \,)!!t,10(1 ,,1,)(1 1>I,I\,

J2L!0

21>0

$>%111
,’,)(,

{,,!(,
),,1)

>,>>,
/1,(,

‘,),,

,! :(,,,

It),,

:1)(2

/11(1

2.011

1(11)

100

,1,, ,

S60
1200

560

2200
5b0

,!200
561) 5b0 50(1

1200”2200 :.!)(,2200
1250

ill.

1(JO

100

100 1(1[11(JO 1(Iv1(JU 100 100 1lx 100 10(1 1(JO 10(I 11,(,

100 i oil 1LNJ 1[)1)10[) 100 100 1 O(J 1w I tlo 1Ou 1Ml I110 !,,1

W<hly c ,>,,.,U,341,[1.,, $ 18L>1V<>. hlllc t<, J.., or,,,,,,. .,> >,,, 1, ,
19
6(I
41
1.2

?!’% .



--- .-

-- 4 . .
.

*

-15-

, ,.



Table LB: Sunnarv of Maximum Diet ~Annual Consumptlonl

Qllestion Grams/ !fO. Grams/
Vo. Week Weeks Year Yarshallese English

266

1610

6zAr3

10465

910
2275

300
.-

2000
2500

‘5300
Jno
3280

2350
450
3500
700
.!+00

700

560
2200
12s0
875
875
100

100

weekly consumption not

possibleto determine

as suchonly annual

figures given.

13832

83720

231qU-1

167440
~~75(3

61425

15600

9000

50000

3~7fj(3Q

7200

$?480

28200
6750

31500
3500
?800

3500

7800
110000

5000
3500
3500
5200

52(30

4375
1750
3500
1750
7000
7000
8679
5250
7000

KL
iJaini
Waini
Waini

drenln ni

drentn ni
?fed i
?iedi
drenin ni

‘edi
Kenawe
Kenawe
iu
iu
iu
iu
iekaru
Yakon (jankwon)
.?ob
Bob
T!ukrol or
f!atakatak

bfejwan

!4ejwan

?lejwan
Mejwan
kole nut
kole nut

mokmok
ik

punki
binana
binana
kanapu

kanapu

potato

local vegetable foods
bao lol

bao Iin

pik

won
wor
kabor
jerol
kwi d
barolab

coconut graated for coconut milk

coconut rtpe !>r copra

coconut ripe for copra

coconut ripe for copra

coconut water

COCOnut water

tender coconut meat

tender coconut meat
coconut water

tender coconut meat
coconut varLety-can be eaten raw

coconut varietv-can be eaten raw
coconuc ‘apple’
coconut ‘apple’

coconut ‘apple’

coconut ‘apple’
nectar from coconut bud
pandanus pulp
pandanus
pandanus
breadfruit different varietv
breadfruit different var~etv

breadfruit with seed

breadfruit with seed

breadfruit with seed

breadfruit with seed

seeds of breadfruit

seeds of breadfruit

arrowroot

fish
pumpkin
banana
banana
papaya
papaya
sweet potatoe
local vegetable foods

pou Ltry
wild bird
pork
turtle
lobster

giant clam
snails
Octopus
coconut crab
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r~rher than consume a large portion of it himself. Second , the acceptance of
:~,jdoffered is also a very important part of the culture, and therefore it

would be very difficult for an individual to isolate his food gathering and con-
s(lm~tionpatterns from those of the society at large. This latter point is espe-

cially true for foods which have limited availability, such as, breadfruit, pump-
‘ALn , papaya, bananas, potatoes and during certain times, pandanus and fish. CO-
conuts and jekaru on the other hand can be gathered in significant quantities at
all times. It is therefore much more likely that a maximum (a totally local)
diet would be based on them.

If it is assumed that Tables 4A and 4B represent the maximum amount of

local foods consumed, and that whatever imported food is eaten will have a ten-
dency to displace proportionate amounts of local foods, then in principle a

“c~:Pica~ averaget’ diet could be established. This could be done by s. zracting
the caloric content of imported food from the total calories of local tood
c,~nsumed per year as shown on the maximum table, and then converting the differ-
ence to gram weights using calorie to gram conversion factors for the local
f )ods. By using this method, one can derive the typical amount of local food
th,atcould be expected to be consumed in addition to the imported food eaten.
T~ole 5 derives this diet pattern and also presents the averages for the differ-
ent age groups and sexes.

In surrrnarythe results of the study establish maximum estimates of the con-
sumption of locai foods, based on the amount of local food that an islander liv-
in< a traditionaL life and a totally local diet could consume. These estimates
could be further refined by the use of calorie conversion factors specific to
tbe Marshall Islanders and specific to the local food they consume. With refer-

ence to the contemporary diet or “typical average” we are continuing our study

ir two ways. One is by the utilization of the intemiew method in an attempt to

determine the full range of local food consumption in combination with studies
of food wasting and food sharing. A second is by the determination of the quan-
tity of imported food consumed in these same communities. In other words, we

are suggesting a double approach which would attempt to determine the contempo-
rary diet from opposite directions. This could produce either two corresponding
figures or more likely, two reliable figures between which the contemporary or
“typical average” diet of the islanders in the couxnunity in question would lie.

-17-



Table 5: Typic~~ Average Diet as a Function of ~ ~gd Sex In Comparas,,n [u the Maxkmtm FI, et -).—. __ —— __ —

nale

(51-70 yra. )

Max imum unman Woman

Diet (11-lfI yra. ) (15+) Harshal Ie.se

Question glyr. Male Hale Child Woman Woman Child Child name of

NO. (Table-4) (11-22 yrs. ) (23-50 yrs. ) (7-IO
i%gllsh

yr.. ) (15-22 yrs. ) (23-50 yrs. ) ~rs. ) (l-’f~rs. ) Food—.. - E~valent— — — —.— __

1

2

3
4

5

6
7

8
9

10

II

!2

13

I&

15

I
16

17
w 18
m 19

I 20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
60

41
42
0

44

13832

83720

399280

84175

15600

58000

327500
1200

52&80

28200
6750
31500
3500
2800

3500

7860
I10000
5000
3500
3500
5200

5200

4375
1750
3500
1750
7000
7000

8679
5250
7(WO

)2864

77S60

371330
78293

14508

53940

304668
6696

48806

26226
6278

29295
3255
2604

3255

7291
102300

4650
4650
3255
4836

4836

4069
1628
3255
1628
6510
6510
8071
4883
6$10

12449

75348

359352
75758

140.40

52200

214201
61180

L7232

25380
6075

2835o
‘f150
2520

3150

7056
990tm

4500
3150
‘f150
4680

4680

3Q38
1575
3150
1575
6300
6300
7811
4725
6300

I1066

66976

31Q42(3

67340

12480

46400

262080
5760

4i%94

22560
5400

25200
2800
2240

2800

6272
88ooO
4000
2800
2800
4160

4160

3500
Ilboo
38oO
1400
56no
5000

6’?43
4200
5600

9682

58604

279496
5Flq23

1092i3

40600

229320

5060
36736

19740
4725
22050
2450
1960

2650

5488
77000
3500
2450
2450
3640

3640

3063
1225
2450
1225
4900
4900

6075
3675
4900

q]?q

55255

36175b

57556

10296

18280

216216

4152

X637

18612

4455
?0790

2110

1U48

2310

5174

72 fiO+l
7’100

2110

2310

3.3-f2

3432

2888
115=1
2310

1155
46?0

46?0

572ff
3665
~h?o

82QQ

50232

2395fIR
50505

9360

348oO

196560
437(3

3147!8

lhQ?o
40V3

18900

2100

16R0

2100

4704
66000

3000

2100

2100

3120

3120

2625

1050

2)00

10s0
~~~n

h2nn

5207
3150

42m3

5948

lhOiiO

17]69n

36195

6708

24Q40

14f18h8
mh

22566

12126

2902

13545

150$

I 2(34

15n5

3371

4) 300

21$0

1505
1$05

2236

2236

1881
75-f

lst35

153
3otf3

3ntn

3732
2258

3oln

El

IJaini

kfaini

Waini

drenl” nt

Medi
drenln [Li

Hedl

Kenawe
Kenawe

i u

iu

iu

)ekaru

Makon ( Jankwon)

Bob

Bob

Bukrol or

ffatakatsk

U* ,Wall

Mejwan

He jwan

Me ]wan

kole nut

kale nut

mnkmok

]k

punk I

binana

binana

kanapu

ka”ap”

potato
10c~l vegecnble
bao 10 I
hao Ii”
plk
won
war
kabor

ierol

kwi d

barol ah

c 1 am,

crwimut grated for coconut ❑ ilk
coconut ri pe for copra
coconut ripe for copra
coconut ripe for copra
coconut water
tc=nder coconut meat

coconut water

tender ‘oconuc meat

coconut variety-can be eace” raw

coconut variety-can he eaten raw

coconut ‘apple’
coconut ‘apple’
cocmwt ‘UPPIP’
n?c tar trc,~ co. ont,r bt,d
pandnn”s pt,l p
pandan,te
pn”d~nt,~
hremdfrti, t d, fft. rent .~r, ety
brendfru, t dlffere,, t V.r, e[y
bre~dtr”, t w,th seed
bre~dfr,, it wirb seed
bcemifr,, ,t u,th st. ed

hreadfr,, ,t wItt, seed

seeds of breadfruit

seeds of breadfruit

ar ri>wroot

fish

pumpk,,,

banana

banana

papaya

plpaya
sweet pocatoe

foods local vegetable foods
poultry
wild bird

pork

turtle

lobster

y,kanr clmn

$na, ls

<>C t opus

cwc<, n”t crab

clam. (small)
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List of Local Fooas and Conversion Factors

Coconut milk - el - One nut produces 38 grams of milkl at 2.6 cal/g.2 A SQ-

lution produced=~ squeezing ~reshlv grated coconut. Often water is mixed
with che coconut gratings to enhance the extraction process. Coconut milk
can be used to enrich all traditional dishes and is normally mixed into
food before cooking. EL is produced from waini (the mature nut).—

Coconut meat - waini - One nut = 240 grams3 at 3.1 cal/g.4 (12 months
stage) . Often grated and mixed into food but more often eaten as a side
dish with breadfruit or fish.

Coconut water “-dren in ni - 230 grams/nut at .109 cal/gram.5 The water of——
the immature coconut at its 7 to 9 month stage is consumed by islanders of
all ages regularly when available. The ni must be cut from the tree as
opposed to waini which falls by itself. ?erCain varieties of ni are pre-
ferred among others for regular drinking, some varieties being~eldom or
never consumed.

4) Coconut Flesh - medi - 130 grams/nut at 1 cal/gram.6 Medi
flesh which forms inside the shell of the ni stage. It is

is the soft
seldom used in

cooking and eaten primarily as

5) Kenawe - 100 grams/nut at .109
riety of coconut palm of which
sweet to the taste and edible.
like raw cabbage. The husk in
‘t’helower portions of the husk
these portions are discarded.

above are estimates as no data

an in betwe~n meai snack.

cal/gram. Kenawe comes from a particular va-
the immature, 3 to 5 month stage fruits are
The shell is soft at this stage and eaten
its upper portion at the eye is also edible.
are chewed and the juice sucked and then
Both gram weight and calorie content listed

on kenawe have been published.

6) Sprouted embryo - iu - 100 grams/nut at .78 cal/gram.7 ne embryo begins

to form around the 15th month of the waini stage, and normally takes two to
three months to sprout. When the sprouted nuts are used in copra making

the ~ is first removed before the nut is set out to dry. It is often
cooked in a pot with flour and coconut milk. Sometimes it is baked still

within the shell. More often it is simply eaten raw mixed with sugar
water or iekaru as a meal or plain as a snack.

7) Jekaru - 8 Jekaru.45 cal/grams. is the sap of the tree tapped from the
flower while still at the bud (4 week) stage. Up to one gallon of Jekaru

can be produced from one tree per day. Jekaru is used as a sweetener in
cooking and it is drunk by children and adults fresh in a solution of 50%
water. Fermentation begins immediately. It is often boiled and given to

babies as a substitute of mother’s milk. Unless the fermentation process

is arrested it turns into a wine by about 36 hours. Fresh iekan is often
boiled into a syrup called Jekami.

8) Pandanus (preserved) - Jankwon - 9.93 cal/gram. g Jankwon is produced by

mashing the cooked pandanus keys into mokon, straining out the fibers which

were loosened from the cores in the process, baking the resulting mash into

-19-



a deep brown paste like substance and drying this under the sun until it h

dehydrated to the point where preservation is possible. It is then wrapped
in drv pandanus leaves and tied into a neat roll until needed. 6

9) Pandanus keys - bob. There are two basic types pf pandanus. One is used to

mash into mokon and averages about 50 grams per kev:10
dom cooked, contains

another type is sel-
little DUIp and onlv about 30 grams of juice. This

latter tvpe is tvpically eaten raw by chewing and sucking and then
discarding the inedih~e core- There are about 40 keys to a stalk. NO

known reliable calorie comparison factors for this latter type of pandanus

kev exist so we have used .58 calories/g.ll for both types has been assumed
even thouph this is an overestimation for the latter. Oependingl:n loca-
tion (island/atoll) Dandanus is eaten consistently for 4 months. 4

Ifl) Breadfruit - bataka[ak, bukrol. These are the seedless varieties of
breadfruit. Thev contain about 500 grams of cooked edible portion at 1.3

13 Three tvpes of breadfruit are eaten consistently over a periodcal/zram.
of about 12 weeks per vear. 14

]1) Preserved breadfruit (batakatak and bukrol) - buido - 1.3 cal/gram with one

fruit equal to 500 processed grams of buido. 15~breadfruit is picked in
large numbers at the peak of season, s~d, and decored, sliced and

soaked within a copra sack in the lagoon for a period of hours or days. The
sliced fruits are then mashed and allowed to sit and ferment underground
within breadfruit leaves where drainage can take place. Before eating it

is often rinsed in fresh water to reduce the salt content.

l’?) Breadfruit (varietv with seeds) - ?fe;wan - 272 grams/fruit at 1.12

calories/gram, cooked and 1.22 calories/gram eaten raw.
1’ =di;i;w~~;ncooked in its unriDe stage though unlike other varieties o

ripe it can be eaten raw. It can also be prepared into Jankwon by baking

the rive fruits and then drying them under the sun. The Jankwon so

17 Mejwan is eaten consis\~ntlYproduced contains about 2.83 calories/gram.

for about 9 weeks/yr. in its unripe stages and for about 5 weeks/yr,

1~1 Breadfruit seeds (from meiwan) - Kole - each nut weighs about 2.5 grams and
contains about 1.5 cal/~9 The nuts must be cooked to be eaten, and can
he considered as a significant portion of the diet for only about 5 weeks

Der vea.r.

14~ Arrowroot - Mokmok - 3.5 calories/gram. 20 The tubers are dug up in the win-
ter months w~e plant itself dies. ~ey are dumped into a copra sack
and rinsed of dirt in the lagoon. They are then grated into pulp which is
mixed with salt water and strained to separate the starch out of the solu-
tion. The solution containing the starchy material is usually trapped in
a canvas lined pit which permits the salt water to seep through the canvas
into the sand leaving the chalky starch behind which resembles plaster of
Paris. The starch is then wrapped in a towel and hung up to drain and dry.
It can then be used in cooking without further processing.

6 “1
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Footnotes for List of Local Foods and Conversion Faccors.

1. JluraL, Mary. Some Tropical South Pacific Island Foods, University of Hawaii

Press, Honoiulu, Hawall, 1958; l18.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

i2.

i3.

14.

15.

16.

17.

18.

Ibid 118

Ibid 52-7. (Xurai documents the average weight of the mature coconut at
350 grams. However, as most of the coconut eaten is grated and as only 2/3
of this amount is actually extracted from the shell, we have reduced
Murai’s figure by 1/3 co 240 grams/nut.)

Ibici52-7

Ibid 52-4

Ibid 52-4

Lbid .52-8

Ibid 58

Ibid 76

Ibid 67-82

(Murai documents the average edible portion of a pandanus key at 75 grams.

There are many dozens of variety of pandanus eaten in the Marshall Islands,

however, though the two varieties used in Murai’s study happen to be the
largest. We
grams/key for

Ibid 58

See page (5 &

Mural, Mary.

Hawaii Press,

See page (5 &

Murai, Mary.
Hawaii Press,

Ibid 24-30

Ibid 24-30

See page (5 &

feel 50 gramsikey for the variety which produces mokon and 30
the other type to be more accurate overail average. )

6) of Dietary Interview.

Some Tropical South Pacific Island Foods, University of
Honolulu, Hawaii, 1958;24-30.

6) of Dietary Interview.

Some Tropical South Pacific Island Foods, University of
Honolulu, Hawaii, 1958;24-30.

6) of Dietary Interview.

19. Murai, Some South Pacific Island Foods, University of Hawaii Press,

HonoLul~awaii, 1958;34.

@- @ GO. Ibid104.
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Living Pattern Studv:

The living patterns among the Marshall Islanders var~{somewhat from atoll 6

to atoll. However, due to the consistency of an atoll environment and its lim-
ited land area, as well as the limitations it presents to economic development,
reliable estimates can be produced if based on the average amount of time spent
at the various tasks necessary for subsistence. Tables 6, 7, 8 list the time
spent in various activities by males (ages 15-50 years), females (ages IS-SO
years) and children (ages 6-14 years).

From information provided by the Tobolar Copra Plant which keeps copra pro-
duction works for the various atolls in the Marshalls, it has been determined
that the islanders of Utirik Atoll produced about 113 short tons of copra be-
tween the Fall of 1957 to the Fail of 1978. Thus this averages to about 90
lbs./week per person, This copra production represents the output of 46 males
from ages 14 to 95. As all of these individuals are not involved in copra pro-
duction to the same extent, it is estimated that those actually working produced
about one bag (between 100 and 125 lbs.) per week. This per capita production
at Rongelap seemed to be considerably less, while at Ailuk it proved somewhat
more . At any rate copra production - the main island commercial activity - could
not possibly exceed that possible during the hours taken for coconut collecting
and husking per week which we have used as the basis for island activities

estimates . It has been estimated that plantation clearing (for undergrowth)
adds another 4 hours per individual per week to inland activities associated
with copra production. In addition to copra production, another two hours per
day of inland activity has been estimated for food gathering.

This is not to say that some individuals do not spend considerably more @

than 26 hours/week inland. The apparent range over the entire male population
is very broad, with some individuals spending in excess of 40 hours and others
as little as 7 or less.

The living patterns of women on the other hand, are noteworthy in the rela-
tive lack of inland activity. Some of the younger women are involved in coconut
gathering, and, to a limited extent, food gathering. Some of the elderly women
are engaged in activities related to handicraft production, (such as gathering
of pandanus leaves).

Female activities on the lagoon, at the shoreline and on other small is-
lands of the atoll appear to be an insignificant portion of their living
patterns. An exception to this is found only when actual settlement of a small
island for copra making purposes takes place. In general, women do not go along .$:.

on the two to three day trips which the men periodically make for cleaning up of

the coconut plantation area.

In respect to male activities in the area of ship repair, a direct rela-
tionship was apparent between the number and state of repair of traditional 5:{

canoes and other vessels and the amount of time spent on the lagoon and at other
islands.

;&
.’$<
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Shore time activities for men are primarily lim:

pets, Long nets and cane poles.

#i

ted to f

On the other hand children spend lon~ hours Dlaving on tl

shing with throw

e beach and in
:he sand. It was estimated that as a minimum,

L.*
they occupy this area during two

hours of daily activity.

From the above discussion it can be seen that by far the largest amount of
L~me in the living pattern of the islanders is spent within the village area.
During the largest proportion of it (45 to 49 hours), they are involved in child
r~ising, handicraft fabrication and relaxation. Indeed it is a rare instance
when one stops at an islander’s house to find no one there. Such situations
occur only during major celebrations or during the arrival of a trading vessel.

To understand the leisurely pace of life on the outer atolls of the

Marshalls, it is perhaps best to pay attention to the subsistence activities,
and the Life and culture supporting functions which are based upon the coconut
palm. The palm has been said to be the mother of Pacific man and truly it is
the pillar upon which island life revolves. From the preceding section on diet,
it is apparent that by the islanders own estimate, the coconut palm provides
from 48 to 58 percent of the food for the traditional as well as the contempo-
rary local diet. Fish, which can also be gathered quickly and in great abun-
d.?nceconstitute the second major portion of the diet and the other main support
~?r island life and culture. Together these two items provide from 78 to 84 per-
c.?ntof the local food diet. It is upon the availability of these staples,
which the environment provides abundantly, that atoll Life, as we know it today
was established. Even though many of the subsistence skills which enabled the
ancestors of the present islanders to thrive and establish their once self-
r?liant culture have been lost, and though the islanders can in no sense be
considered or expected to be totally self-sufficient in terms of their diet, the
local food resource foster and support this leisurely pace of life. They can be

expected to turn to it in lean times, when for one reason or another the much

preferred rice, sugar and flour imports become scarce or unattainable.
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Table 6: ?faleActivities

(15-50)

!

I

A.

1.

2.

3.

4.

B.

1.

2.

c.

1.

D.

E.

1.

2.

3.

4.

5.

Inland activities - (26 hrs./’week)

Brushing plantation

Coconut collecting

Coconut husking

Food gathering of pandanus, breadfruit,
ni, &, Jekaru—

Activities on lagoon (9 hrs./week)—

Fishing on lagoon

Inter atoll travel (O-2 hrs.)

Activities at shoreline (7 hrs./week)—

Fishing at shoreline

Activities on other island (2 hrs./week)

hrs./’week

4

4

L

14
total (A) E

7

2
total (B) F

Activities in Village area (124 hrs./week)

total (C)

total (D)

Canoe and net making and repair

Clean up of living area

Coconut cutting and drying

Church activities, meetings, celebrations

Sleeping

7

2 (O-2 hrs.)

4

7

4

8

56

...-. — .—.— —.



Tabl~ 6: ?laleActivities (Cent’d)

(15-50)

hrs.lweeu

6. Child rearing (and monitoring), handicraft, 45

relaxa~ion
—

total (E) 124

Total (A-E) 168
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Table 7: Female Activities——————— .—.

(15-50)— _ -.——

A. Inland activities (8 hrs ./week) hrs.Iweek

1. Coconut gathering and splitting, gathering total (A) _8
pandanus leaf

B. Activities on lagoon (none) total (B) nil—— — —-

C. Activities at shoreline (insignificant) total (C) insignificant-—

D. Activities on other islands (insignificant) total (D) insignificant— . ——.

E. Activities in village area—

1.

2.

3.

4.

5.

6.

7.

Preparation of food 28

Splitting coconut shells and drying 4

Clean up of living area 7

Washing clothes 8

Church activities, meetings and celebrations 16

Sleeping 56

Child rearing, handicraft, relaxations 49—

total (E) - 160

Total (A-E) 168
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A.

1.

B.

1.

c.

1.

D.

E.

1.

2.

3.

4.

5.

Table 8: Children (ages 6-14)

Inland Activities

Collecting iu, gathering coconuts—

Activities on lagoon———

Inter AtoLl travel (O-2

Activities at shoreline

Play

hrs.lweek

total (A) 10

total (B) 2hrs.)

total (C) 10

Activities on other islands (O-2 hrs.) total (D) 2--—____

Activities in village area

School

Clean up of living area

Washing clothes or drying copra or household
chores, etc.

Sleeaing

Play and relaxation

30

4

26

52

32—

total (E) 144

Total (A-E) 168
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Appendices

A. Seasons: i. Local foods
ii. Seasons of the year

B. Marshallese (local) foods

c. Other Islands used for food gathering

D. Data on edible portions of Marshallese foods

E. Fishes: Types of fishes and ❑ethods of fishing

F. School children - lunch program

G. Typhoon relief

H. Food supply ships - trip reports

I. Private or community stores - types of foods available
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Spokesman

?;a~ll- Ailuk

Cement - Ailuk

C,nent - Ailuk

Pdul - Rongelap

Jcr~i - Rongelap

Ailuk

9<

‘denas- Rongelap

Ailuk

Corments: during

3X2.2

1,1)June - July, b) November - January

2a) June - July, .iugust, September, b) November, December
January, February

3a) April, %y, June, July, b) December, January, February

4) all year .J~ne - December

5) S months September/October - April/May

6) May, June, .July (begins growing January)

7a) June, July, b) November, December, January

S) October, December, January but some ripens throughout year
in small numbers

9) December begins to grow/Harch, April ready to eat

10) January, February, April, Yay, June, JuIY, August, a
September

a drought-smaller and smaller fruits

~readfruit - various observations

Spokesman

Henas - Rongelap

Xagal - Ailuk

Cement - Ailuk

Ailjen - Ailuk

Rongelap

Ql?sE

1) !fay, June, July, August, September, (little October)

2a) June, July, b) December, January

3) April, Xay, June, July, August

4a) June, July, August, September, b) December, January

5a) June, July, b) December, January

6a) summer, b) November, December

7a) July, August, September, b) December, January

8) .%y - September, peak Hay through July some be may be
present until December

W
‘Bryan Jr., E. H., Life in the >larshall Islands, p. 129.
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9) !)ecember, January, February, April, >hy, June, JulV-

(mokan)

Corments : .iftera breadfruit season, pandanu~ follows. ‘V2eyalternate seasons.
(Xagat - Ailuk)

Banilnas - various

Spo5,2sman

Xagal - .Iiluk

Hemos - Rongelap

.irrovroot

Spokcsnan.—

Hemos - Rongelap

Xagal - Ai.luk

*

Rongelap

all year around

all year - more in rainy season

Yovember, begins growing, Oecember and January ready to eat

December, January, February

October through January

January, February, .Yarch,April

Cocor.tlC
, J

- iu (flowering coconut)

Spoke.;man——

Xagal - Ailuk

Pumpkin

Spokesman

Xagal - Ailuk

Cement - Ailuk

Sue - Rongelap

*EiryanJr., E. H.,

whenever anybody wants to find and eat it

all year

all year

all year
1 month for pumpkin to become large

Life in the .~rshall Islands, p. 129.
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Cement - Ailuk

Pandanus Season - Januarv, ~ebr~ar::,yarch, April, yay, June, Jul,; August,
September

.9

?andanus Tvpes

First pandanus season JabLower
beginning Xarch-end Kobarwa
of l{ay

Second pandanus season Lejokrer
beginning of June- Lokotwa
end of August Lebo

‘C:ird pandanus season Edmerma
beginning of September- Leomtur
end of Xovernber Ailuk

Kemelij
Lemoen

Fourth pandanus season Lekman
jeginning of January- Lejmou
~nd of ?!arch Liman

?lojel
Nottet
Yibun

The information given by the Yarshallese seems to show two seasons for o

b(-chbreadfruit and pandanus. This is a widely accepted fact and te~ds to
support our own observations made during our extended stay on the islands in the
Marshalls. According to the above figures, one would expect that the summer
season, which bears the largest crop and is the time when preserving is normally
done, begins around the second week of ?fayand continues progressively until
Julv-- the month when the preserving is traditionally done and continues on
ir.zothe second or third week of August. The second or winter breadfruit crop
fails in December and January.

It should be noted that the ?andanus season is markedlv different in the
Northern Marshalls where due to lack of rain in the winter months, the summer
crop is normally much larger. To some extent, this holds true for breadfruit

as well-- the winter crop being much smaller.
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grows all year

SummC~r season of maximum rainfall in the year*

rainy ?eason on .Iiluk :4.3y, JuI\e,.JUly’,August; ?1OWS down September, October,
liove%ber, December

Rainfail decreases as you go north—..
average rainfall: Jaluit - 160” Wake Island 30 to 5(3”

(350 miles further north)
!Iajuro- 120”
I-’jelang_ 30!’

Eniwetak - 6(3to 70”*

I
Kinter

Temperature ‘F

December - April, season of strong winds from the northeast.
Dry period of the year.*

range varies less than 10-12°~
Minimum: 680
Maximum: 8P0

‘Sryant Jr,, E. H., Life in the Marshall Islands, p. 135-36.
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Appendix 3

!!arshallese Foods

a: !farshallese names for food t~:ues

Local Foods

breadfruit - ma—
coconut
drinking - ni
copra - waini

oldest stage - iu (sprouted)
pandanus - bob —

arrowroot - mokmok

taro - @2.2
pumpkin - baanke
papaya - keinabbu
banana - pinana
sweet potatoe
coconut sap - *
chicken - bao
pig
turt;e%on

fish - ek
clams -=tipwor
lobsters - wor
birds - bao
coconut crabs -
eggs -~

turtle
bird
chicken

Imported Foods

rice - M
flour - yilawa
can - kuwat

tuna - bwebwe
chicken - bao
beef - cow—
mackere~
cornbeef
sardine

barulep

vienna sausage
spare
beef hash

biscuits - ship, crab
Ramen soup ‘1
peanut butter
kim thee
shortening

-34-
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sugar
soy sauce
mayonnaise
yeast
baking,powder
candy - !4&M’s,gum, chocolate bars
coffee
tang
tea
milk - Carnation Instant



j b
b: Cooking !lodes

(~) Ground oven - LX _ The ground pit is fueled by a coconut shell or husk
fire. Rocks are then added to cover the coals. When the
rocks have been warmed the food is placed in. The pit is
covered over with banana leaves, canvas or a heavv rubber

sheet. Weights are added.

(~) Stove Type Cooking - is always done either over a kerosene stove or an
open fire fueled by coconut shells or husks.

a) boiling - USlng rainwater, brackish water when rainwater
supply is low.

b) frying - using Crisco, other shortenings, occasionally
pig grease, rarely if, ever coconut oil.

c) steamed -
(3) Roasting - is done over a coconut shell or husk fueled fire, when it

has turned to coals.
c: ~escription of the Food Types

1. Breadfruit - MA—

(1) Kwanjin - green breadfruit roasted on coals until skin is black. The
outside is then scraped with pieces of broken glass or
shell. Approximately 1$ hours to cook.

(2) Steamed -

10

fill the iron pot with water up to metal disk. Cooking time
varies according to type being cooked.

a) bwiro - 2 hours to steam on fire
b) raw breadfruit (whole) 30 minutes by stove

(3) Boiled - wash green breadfruit leave whole and boil.

(4) Kopjar - baked breadfruit in ground oven.

(5) Jokkwapin Ha - Breadfruit soup is made by removing the core and skin,

(6) Fried - Cut

(7) Kalo - very

(8) Xijiwan - a

cutting the rest into pieces-which are boiled, mashed,
mixed with coconut milk and salted to taste.

the ripe breadfruit into slices removing the outer green peel,
Soak the wedges in salt water or salt them before frying.
Cooking time approximately 10 minutes on each side until
brown or french fried.

ripe breadfruit mixed with coconut milk.

type of breadfruit which is eaten raw when it is very ripe; as is
or with coconut milk.

(9) Kwolejiped - name of nuts (kwole) cooked. They are roasted on coals or

taken out of a steamed, baked, or boiled Mijiwan Breadfruit.
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(10) 13wiro- preserved hreadfr-~it or !!arshallese cheese. The skin is re~oved
from the ripe greer.hreadfruirs then cut in wedges and placed
in a burlap !,agand taken to the lagoon. The bag is anchored
for one or two days in the saltwater or stomped on for an hour
or so to hasten the fermentation. The bag is then taken from
the water and left on coconut leaves in the open air for one
or two days. The breadfruit is then placed in a pit lined with
5readfruit leaves. Leaves , a cloth cover and weights are then
placed over the breadfruit. The breadfruit leaves are changed
after every month md the bwiro is ready for cooking after two
months . Suppl:~can be kept six nonths to a year or tr~o. (Type
of breadfruit used--bakrol, batatak, koutroro.)

13wiro Food Preparation

(11) Baked -

(12) Jankwin
I

The quantity of preserved breadfruit that is needed to cook with
is taken from the pit or box and thoroughly washed in fresh water
Coconut milk is then nixed with the rainwater. Sugar is also
added along with flour which is optional. A ladle full of the
mixture is then placed in a breadfruit leaf and is either steamed,
boiled, or baked. Another nethod of cooking is to roll the bwiro
into balls and then steam or boil.

The inside stem of a ripe breadfruit is removed and coconut milk
replaces it. The breadfruit is then wrapped in leaves and baked.

- Yijiwan seeded breadfruit is picked green; allowed to ripen; seeds,
core and skin removed; placed in a cocanut leaf basket; baked i~ a
earth oven all nig”nt;taken out; unwrapped; flattened and allowed
to dry in sun. lJhendry, it is rolled, wrapped in pandanus leaves,
tied with sennit twine and preserved as a roll. >.:
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)-. coconut

The coconut was traditionally and still in some circumstances continues to

be the focal point upon which the Islander’s diet revolves. Indeed nothing is
fo,~nd in greater abundance a~,onqthe atoLls than coconut. The tree itself was
an inportant foundation upon zhich Island life evolved. The leaves being woven
int~ shelters and the fibrous strands of the husk twisted into sennit rope for
the lashings of houses and outrigger canoes. The bud-sheath was used as a bowl
in ‘:hich to pour ingredit~nts to bake in ground ovens. Baskets woven from the
le3Flets of the tree were, and occasionally still are, commonly used for eating
and .:isplaving and transportir,Q food.

The coconut fruit requires approximately 12 months to ripen and usually falls
off itself after an additional few months due to stem decay. At this stage it is
reac”: to be husked, broken open and dried under the sun or in a smoke-house into
copra, the major island export. And at this stage it can be opened and the nut
cut ‘rem the shell and eaten as jiral (with something else) fish, for instance or
breadfruit or both. It has a high oil content however and a two to four ounce
por~ion is seldom exceeded unless there is a scarcity of imported or other local
foocs . Children seem to eat considerably more of it than adults do. The elderly,
on tie other hand, especially those lacking teeth, eat it normally only when it
is :;i:{edinto the family food. 3inbin is a term that is used to describe the
preparation of a variety of dishes in which mashed banana or tarro or breadfruit
or ~,ore likely rice, is formed by hand into a ball and rolled over coconut gratings
whicn stick to the surface and help preserve its shape. These gratings are pro-
duc<; in a process called ranke whereby the nut is scraped from its shell by a
rounded, tooth edged blade normally screwed onto a stool on which one can sit while
engared at the grating or ranke ?rocess.

~~e water of the mature coconut or Waini is somet~es drun~. ?loreoften,
howe’:er, it is mixed with food as an ingredient before cooking or not being as sweet
or flavorful as the water in the unripe nuts discarded altogether. The earliest
stage at which the water begins to sweeten and is used for drinking is termed

obleb-- around its sixth month of growth. The shell is still soft enough to break
wit h zhe fingers and the nut itself-- if it has started to form at all--is but a

thin ;elatin lining the bottom of the shell that can be loosened with a thumbnail
and drunk. The next staqe when the gelatin hardens as does the shell allowing
itsel: to be husked is called ni. This is the stage at seven to nine months when—
the nut is normally used for drinking. During this period, the nut continues to
form :P,ougn its texture remains soft and removable from the shell by the thumbnail.
I’fienit becomes too hard for this and begins to become cemented to its shell at
around nine to ten months, it is called mejob. The meat of the nut is hard though

{ not quite as hard as in the mature, waini, stage and not as oily. ?fejobis seldom
eaten todav though it was in the past and may one day again be a staple to ward
off hunger in times of famine. This is due to its abundance and to the fact that
the lower oil content allows for a larger quantity to be eaten before bringing
distress to the bowel. It can be grated by the ranke process and is sometimes

i
used in this way mixed as an in~redient into food or put in a bowl with jekaro
and eaten as a sort of cereal called jekbwa.

.Jekaro is a nectar collected by binding and repeatedly (morning and evening)

9

cutting the budding composit flower of the coconut tree. As the tree produces one
bud a month and as a bud can be tapped for a period of Up to four months, a good
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tree can have up to four bottles containing up to a gallon of jekaro ‘~iangingand
wditing to be collected each morning. The tree will-proc!uce a similar quantity

:?tatmust be collected in the eveninq. It is very sweet and is usually mixed with
,..,~~erfor drinking and very nutritlOus , especially after four to six hours at

xhich point the yeast content is greatest. After this it begins to become notice-
.~~ly alcoholic and at ?6 hours when the fermentation process stops, it can be drunk

ds a wine. In its swee~ unfermented stage it has been used as a substitute for

-other’s milk. When available, it can be used as a sweetener in any or all of the
traditional dishes. !\’henit is boiled down, it yields on an eight to one ratio a
delicious syrup termed {ekami which is used as a sweetener in drinkinq and also
eaten with coconut at its various stages. It can be mixed and further cooked with
coconut gratings to produce a type of coconut candy, much prized, called amitama.

At around the 15th to 18th month, the coconut begins to sprout. At this time,
r~,einside of the nut turns qraduallv to a sweet apple-like, spongy substance called

LOU. A side product in copra making, it is eaten in the interior islands by those

:athering the nuts. Then again eaten by those while husking. !Jhen the nuts are
cracked, children flock to the area to scoop out the soft iou before the nuts are
Layed out under the sun. Iou is sometimes crushed and mix~raw with jekaro and
:hickened with flour %nto a pudding--aikiou. Also it can be steamed or baked in
a basket (iutur) or even while still in the nut (umum ilo lot).—. —

To the aikiou dish el is often added. Indeed it is through the el or famous
‘coconut milk” that ~he coconut can be seen as the central ingredient~n all tradi-
tional cooking. El is obtained by mixing the grated coconut or waini with a little—
water and squeezing. !!uchof the oil and a great deal of flavor is thereby re-
ieased into solution--pure white in color. El can, and often is, nixed into every
~ish conceivable. !Then available, it is nor~lly mixed into tb.erice on a daily (
?asis at the rate of about one coconut per two cups of rice.

(

I

t

!
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Coconut - ni

i
\

I

b ~~i - 1 to 5 months growth—

1) young drinking
nethod - drink through hole in husk, shell too fragile to husk, gelatinous

coconut neat

~) nature drinking coconut
~ethod - husk coconut before drinking coconut meat firm, use knife to cut

from sfde

?) vaini - 6 to 7 months growth

copra-producing coconut
use of liquid - usually thrown away, children drink occasionally
use of neat - eaten a) cut in wedges-with fish or by itself

b) grated and squeezed for coconut milk
c) use gratings in cooking, rice balls, nokan

-) iu - s to 9 L,-‘“ nouths &rGwth
spongy food inside sprouted coconut
use of iu a) eaten raw—

b) cut up and boiled ‘~ith sugar or jekeru
c) cut up and boiled with flour, sugar or jekeru
~) raw ~ cut up and sweetened with sugar or ~ekeru
e) iuwumum - spongy meat of sprouted coconut baked in its shell
f) iutir - baked spongy meat

Tood from coconut sap

i!+!2x- sap from coconut blossom
uses - a) drinking

b) used as a sweetener in place of sugar, i.e., donuts, bread

jakamai - boiled jekeru into a syrup
uses - a) used mixed with cold or hot water as a drink

b) used for pancake syrup
c) used as a sweetener

amedama - =@&& syrup mixed with grated coconut rolled in a ball - coconut

coconut milk - produced from waini
method of extracting grated coconut from coconut meat is called roanke.
Then coconut milk is squeezed out of these coconut gratings.

uses - rice - Coconut milk squeezed into water at start of cooking.
Amount - coconut milk squeezed from one or two grated

coconuts per 500 g of rice.

mokan - cooked pandanus meat that has been removed from the
key (lcilok)
a) coconut milk added to mokanas as gravy

sE!xx- with clams, fish, breadfruit, pumpkin, used with all
fcoc!savailable.
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3. Pandanus

The Pandanus fruit resembles a huge pineapple at superficial external glance.
~{owever,a closer inspection shows it to be made of large, individually extractable
kernels surrounding a central inedibl,ecore, much like corn does on its cob. A
pandanus fruit can weigh up to thirty pounds and consist of up to forty kernels
or keys. These keys themselves are stringently fibrous in nature (indeed, a spent
~nd dried key makes an excellent paintbrush), the inner portion of which contains
the flavorful though somewhat stringy pulp which when raw has the consistency of
~ carrot and likey~isecan be mashed upon being cooked. The bulk of the pandanus
fruit and a considerable portion of its weight is attributed to the upper inedible
yartially external portion or the keys. This external portio% which is particularly
fibrous, is cappec! by a tough and nabby rind.

Pandanus is traditionally a very important staple for the Marshall Islanders,
especially among the northern atolls where due to lack of sufficient rainfall
depend less on 3readfruit, tarro, bananas and papayas then do those Islanders
living in the southern Yarshalls. All over the islands it is eaten when ripe
~ncooked and in sufficient quantity to be considered a staple. Because of its
~vailability throughout the interior or most islands and because it grows on even
:he distant unpopulated islands on all atolls, it is often used to ward off hunger
!tiring copra har’~esting, brushing, fishing and inter-atoll travel. It is considered
E3 offer relief from “morning sickness” and is sought by pregnant women who often ‘
.,-ittremendous quantities of it. Said to be good for sea-sickness it is piled
onto vessels of all types and destinations and eaten by nearly everyone aboard
d,~ringthe entire length of the trip. The fact that it can be knocked about a
great deal without danger of spoilage (due to its particularly tenacious rind)
xkes it especially suitable for inter-atoll export where it brings a good price
in the district center and on Ebeye.

There are many diffzrent varieties of pandanus, some of which are always eaten
raw. Others are normally boiled, steamed or baked in a ground oven before eating :

or processing because they are more starchy, very difficult to chew in their raw
$

state and much more tasty and in particular sweeter after being cooked. These
later are the varieties used in the preparation of mokon--the mashed pulp once
ic has been separated by mechanical means from the fibrous core using an apparatus
called the baka~-- in the process called kilok. Cooking allows pandanus to be eaten
even in its unripe stages though generally speaking the more ripe the fruit the
more mokon is produced in the kilok process. The varieties of pandanus are seemingly
endless. Each variety has a characteristic shape, consistency, and flavor.

Jankwon is prepared from mokon by baking it to further reduce its water content
and then by spreading it out usually on leaves to dry in the sun. The final pro- .;;
duct is then traditionally mapped in pandanus leaves and tied with sennit. Though ,@

jankwon production is nearly a lost art over much of the Marshalls, it is still
,...
.:<

continued among the northern atolls, including Rongelap and Utirik where it is *,,

apparently a more firmly rooted tradition. ?’
~,
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Pandanus - bob

fresh - eat when ripe or uncooked

eraum - boiled pandanu~———
‘oa@.e- bake keys in qround

E - Pandanus pulp and juice mixed with grated coconut ~nd coconut oil and
optionally with arrowroot starch, wrapped in breadfruit leaves and boiled
or baked.

nok.an- The pudding from a cooked pandanus key. The food is removed from the
key by a process known as kilok. The cooked pulp is then mixed with
other foods or eaten as is. A

Examples: a) often mixed with grated coconut

iankwin -

unripened

b) mixed with coconut milk
c) served with fish
d) by itself as a dessert

Cooked pandanus, extract from keys keys--mokkay, dry in sun, wrap

in”pandanus leaves and tie with

pandanus - mashed with sugar or

4. Arrowroot -

sennit

w

mokmok

twine.

and water.

The arrowroot is dug up from the oceanside of the island, placed in a
burlap bag, and washed until white. Each separate piece is then grated with
a rock. The arrowroot is placed in a wanliklik made of sennit (from fibers of
coconut husk)used for straining arrowroot starch. It is then rinsed with two
buckets of saltwater. The arrowroot powder is then saved from the canvas or
wanliklik, wrapped in a cloth and tied in a tree to dry. The powder is then removed
from the cloth (bag), dried in the sun and then stored for future use.

ways of cooking - a) boiling with waini

b) Beru Pandanus and mokmok

5. Taro - m

Stem and leaves are cut off and the remaining roct amd sugar (optional)added to
boiling water. Cook one hour.

The root is also baked.
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6. Fruit - kwale

banana - binana

when consumed and cooking method a)
b)
c)
d)
e)

eaten when ripe
baked, when noc ripe
fried
boiled in skin
mashed and mixed with coconut milk and
coconut syrup, when ripe

?apaya - keinabbu

when consumed and cooking method a)
b)
c)

raw
boiled and added to meat gravy
boiled

pumpkin - baanke

when consumed and

s’~eetpotato

when consumed and

cooking method a)
b)
c)

boiled
cooked in gravy
with coconut milk

cooking method a) baked

7. Meat - kanniok

When eaten

special occasions--birthday,
Christmas, Easter, parties

chicken - bao
eaten: meat, liver, kidney, heart
methods: cleaned, boiled

cleaned, boiled, fried
cleaned, fried
baked (rarely)
gravy - flour, shoyu, pumpkin, ~, keinappu bo~mde leftover
soup rice, same fruits as above

chicken

fish - ek— whenever the man in house
eaten: most meat on head, eyes, suck on bones goes fishing depending on
methods: not cleaned - cooked in skin on coals productive nature of man

fried with salt
cleaned, wrapped in coconut leaves ‘-boiled
baked (rarely)
gravy - flour and fruits
soup - rice, fruits
cleaned, salted, dried in sun
fresh or sashmi

salted - 2 days in sun - meat good for 3 or 4 days
fry with coconut milk - stays good for months (preserves)

Note: one can eat fish for three davs if it is cooked everyday
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$P
h%en eaten

ig. -pik.— special Qccasiorts--birth.ciav ,

eaten: neat, fat, heart, kidne;:,brliz, suck on bones Christmas, Easter, parlte~

methods : fried and skin

salt~d
grav;r- flour, shovu
baked (rarely)
boiled - 20 minutes, add seasonings such as

onions, Sarlic, vinsgar, shovu, salt
if available

t.~tl~ - ~~~ the vhole island eats when a
eaten: meat turtle is caught-no special

nethods: baked - most common method of cooking time

fried - when there is grease

wild birds mostly when overnight on other
eaten; meat , suck on bones island, enroute to other islands,
methods: cook on coals or special food gathering, trip

fry if grease available made

grGund oven bakir.g

clams - tipwor - killer clams
T,ct!1(3(J5: boil

fry

1! *

/
eat with el - coconut milk—

!

lobste:s - war
eaten: tail and legs
methods: cook on coals

boil

coconut crab - barulep
eaten: tail, claws
nethocis: ccsk on coals

I
wild bird eggs
method : boil

chicken eggs
methods: boil

fry
used in other cooking
,groundoven baking

i
.1 &

turtle eggs
3 ,iethods: boil

Eggs

whenever diving for them mostly
in conjunction with fishing

on fishing trips, when full moon
is out and man goes to oceanside
to get it.

on fishing trips, overnights

Easter time and when special food
gathering trips may have been made

not eaten much, reserved for

production of chickens; e~~s,
generally thought to be for sick
and pregnant people

eaten when found - usually no

special trip is made to get them
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s. Rice

Rice is cooked with coconut milk (cl) which has 5een squeezed from coconut
gratings. These gratings come from the copra producing coconut (amounts-
one or two coconuts used per 5C’3grams of rice.

rice jokki(op- Soft rice soup--water, rice flour, sugar, coconut rnil~

rice balls - cooked rice rolled in balls with grated coconut on outside used
on special occasions, size of tennis ball.

90 Flour

bread - yeast
sugar or jekeru - coconut sap
flour
water
shortening

DouZhnuts - yeast or baking soda
sugar or jekeru - coconut sap

flour
shortening
water

cakes - flour
baking soda
sugar
water
egg (occasional)
milk

gravy - flour
water
sugar
additional food: pig, chicken fish, pumpkin, papaya, iu)—
optional: shoyu

spices

pancakes - flour - 7 cups
shortening - two tablespoons
baking soda
milk - 13 oz. can
water
sugar - 1 cup
eggs - U$?.i6 oz. (1 package)
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.\ppendix C

?ther Islands Used for Food Gathering

RONGELM

Xo. of Times a

Year Frequented Xame of Island Foods gathered and Capra

&

Eniutok pandan~s, breadfruit, coconut crab, iu, fish, tur[ic
and copra

*people are apt to stay over while they make copra

Edbot coconuc crab, pandanus, iu, fish, lobster,
turtle, coconuts, copra

Luwataki partdanus,coconuts, fish, iu, turtle, coconut crab,
copra

Likaman coconut, iu, pandanus, turtle, coconut crab,

copra

*people stay over 2 weeks a year

Arbar coconut crab, fish, pandanus, iu, turtle, coconuts12 .:.lVS

(-lciJ-9

6 days

6 da:{s

6 davs

6 davs

6 dayS

4 days

4 days

!JOce:

Keruke fish, id. coconut crab.

breadfruit, clam, copra

Burok coconuc crab, pandanus,
turtle, coconuts, copra
making it)

Kapelle coconuc crab, pandanus,
turtle, coconuts, copra
making it)

arrowroot, turtle, pandanus

breadfruit, fish, iu,

(but not presentlv

breadfruit, fish, iu,
(but not presently

?Jaen fish (reef, lagoon), turtle, eggs, coconut crab.
coconuts, copra (but not presently making it)

Ailailinai Birds, bird eggs, coconut, coconut crabs, clams,
turtle

Rongerik birds, birds eggs, coconut, pandanus, turtle, clams

?Wu no information

Jokrak fish, iu, turtle, coconuc crab (don’t normally eat),
birds, eggs

Einablar no information

?JOWthey have five outrigger canoes plus their community boat which they had before
(oftentimesnot working). They are more mobile now and have more money to use the
communit:?boat so these figures are sure to change.
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UTERIK

Awan - pigs, fu, breadfruit, pandanus
occasionally drinking coconuts, fish

Bekrak - iu, fish, pandanus, breadfruit, coconuts

?aka - birds, turtles, fish

Bikar - turtles

?;alap- fish, pandanus, coconut

?{ate- fish, pandanus

Zllikiki - fish, pandanus, ‘breadfruit, coconuts, coconut trees for planting

Biki - fish, pandanus, breadfruit, coconuts, coconut trees for planting

AILL’K

?eople living on

ijikik - 2

.iiluk- 250

Enejelar - 35

Enejabrok - 12

Kaben - 8

Bikan - 8

Baojen - 2

.Uiej - 2

.Akilwe

They go to all of the islands in their atoll to gather food.

Rarely visited: Jaeo, Binajrak, Bikrak, Enen Arno, Bokekan

Fishing only: Marine, Jebamit,

Island Food Gathered

Kaben breadfruit, fish
Enejabruk coconuts, pigs
Enejelar coconut crabs
Bikon ) arrowroot
Ajilep
Aliej
Akulwe*

)

Jirankan, Bakanneaken, Alirok, Eense

pandanus

-46-



?i<kin - birds
/ especially during Christ~.arand ether special occasions.tiliblir.g- birds

Kapen - breadfruit, pandanus

~!edron - 5re3dfruit, pan~~nus

E?.sobinek- breadfruit, pandanus

ail islands - coconuts, roconut crab, turtle, lobster
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I

I

I

I

I

I
I
I
i

i

I

WnEjelaD

V(lume (cc)

250
:00
:00
:5(]
j50
:00
5G0
:50
:30

‘“terik

L’olur.e(cc)

140

:40
370
260
260
350
300
200
.260
260
270
~~o

250 “
250
250
260
290
250
240
300
350
440
290
250
290

.Ippentii:i ~

pata O* ~dil>le portions 0; !’2rsL~alle5e FOOd S

COCOXUTS - !)RIYKIYG

Neat (g) ~’olume (cc) Meat (g) L’olurne(cc) }!eat ‘g)

100
fj~

110
152

CJ()

46
130

75
80

?feat (g)

100
80

125
110
115
130
110
60

115
125
140
125
110
125
130
110
135
110
100
150
130
140
125
105
130

Average

260
300
550
500
350
350
600
350
300

115
lQfJ

24(3

160
124
80
130
46
130

Average
Standard deviation

Volume (cc)

350
220
300
270
270
220
290
260
260
250
260
270
300
260
250
290
350
440
270
~60
350
280

?83
Stanc?arcideviation ~ 51
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480
230
240
370
580
260
~60
350

35/3
+116—

Meat (g)

115
60
70
140
130
70
125
72
80
100
115
150
150
140
100
150
145
150
62
126
110
125

115
+ 26—

124

+ 56—,



COCOXLTS -

‘.’Olume(cc) Meat (g)

Average

Stan@ard deviatian
“:otho

‘~olume (CC) Meat (g)

330 95
310 85
340 1~1)
330 59

Volume (CC)

430
620
450
240
330
370
450

316
+l~r)

Neat (g)

1~~

165
170
50

165
110
130

92
+46—

Average
Standarfi!eviation

-49-



!Jeight

coconut (g)

340

~q~

300

360

446

500

49g

280

400

420

L60

440

4(y:7

L80

360

320

380

410

354

395

375

330

440

472

426

386

349

420

Coconut ?ata (TJaini or Cratin2 T\’pe)

e

!Jeiqht Of h’eight of T/eightof
coconut neat f’g) No. f---on,~t(’g) coconut meat (g)

II I I

56
I

,
I

1

I

494

~16

340

465

49n

476

433

346

490

510

496

355

418

455

515

316

296

314

356

294

456

399

482

509

365

492

515

338

.4vera%e 410
Standard deviation + 68—
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1. Pandanus
nllmber

1
7

;
~

;

7
8
9

10
11
l?

13
14
15
16
17
13
19
20
21

22
23

24
25
26
27

28
29
30
31
32
33
34
35

!Jeight(g)
before~

144
165.5
1$8.5
204.5
139.5
151
137.5
139.5
154
157
161
177
133.5
289(double)
148
155.5
164
189.5
152
131.5
160.5
171.5
153.5
142
151
156.5
151.5
127.5
114.5
134.5
178
186
149
168.5
106

Weight (q)
after*

93
98.5

103.5
140
83

107.5
90
88
107
108.5
109.5
127
87
188
104
105.5
117.5
131
109.5
89.5
113,5
123
105.5
102.5
105.5
116.5
115.5
91.5
83.5
82
132
139.5
131
12z.5
69

Weight {g)
of food
eaten

51
67
45
64.5
56.5
43.5
47.5
51.5
47
48.5
51.5
50
46.5
101
44
50
46.5
58.5
42.5
42
47
48.5
48
39.5
45.5
40
36
36
31
52.5
46
46.5
18
46
37

*weight before + after process known as kilok method of extracting pudding
from cooked pandanus

Average 156 1.06 46
Standard deviation +~~ +17— +9— —
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7
-. ?zncanus ‘Jeight

rluxher before (s)
Weight
after (g)

99
114
L~6
123
101
‘91.

‘;e t
Consumed (g)

3, ?andanus Weight
number

Weight Net
before (g)—— after (g) consumed (g)

1 99‘1 63
94

33

3
66 29

74
4 51

90
23

64
5 85 26

6
56

84
29

52 ~-l
7 81
8

51
84

30

9
55

89
29

10
69

78
20

11 52 26
88

12 59 ~g
91

13 63 28
81 55 26

Avera~e
——

86 58 37Standard deviation +7
— +6— +3—
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I

-;”De Total wt. (0) Center (,lnedible) tq)
‘c!ible r~t. (g)

~atakat~k 17QLA, 3
964 63 1130
~,p~ 33 931

820
14 2?L

1040
30
23

79fi

440 lCl17

1856
11 529
51 lgf15

Average –~. – _
903 ~. _

3?
913Standard deviation ~ 51

+19— +497—

?fej,A,an 5~~ See<s
(l.’ltblseeds) 23

49fl 387
18

110

3sfl 276 96
14

475
264

19
l~z

505 365 92

@
396

18 365
l?

1~~

350 289 95
15

412 247
‘1~ 8?

29(3
Average

101
441

18
310 41Standard deviation ~ 64

+4— + 56 +11— —
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?farshallese??ame

Ik kadre

Utot or dibab
or wut wot

Pajrok

Bane

Jome

Jo

M3mo

Tinar

Kalemeej

Kuro

Ettou

1001

Akor

Tak

Mao or Mera

.Appendix E

Types of Fish and !-fethods of Fishing

1. NET FISHING - LONG NET, THROWN NET

Scientific ‘{ame

A fish
Chelon vaigiensus

butterfly fish
Chaetodon anriga

chub or rudder fish
Kyphosus vaigiensis

starry flounder
Platichthys stellus

goatfish
Mulloidichyhysauriflama

goatfish
Mulloidicthys samoensis

grouper
Epinephelushexagonatus

small grouper

blue spotted grouper
Cepahalopholisargus

grouper
Epinephelusfuscogultatus

mackerel
Trachurops crumepthalmus

mullet
Crenmugil crenilabis

mullet
Chelon vaigiensis

needle fish
Belone platyura, Raphiobelone robusta

parrot fish
Scarus jonesifsordidus

-54-

Island ?fethod

Rongelap - long net

Uterik - long net

Rongelap, Kotho, Ailuk

Ailuk - long net

Rongelpa, Uterik - thrown
net

Rongelap - long net
Rongelap - thrown net
WOtho - not specified
Ailuk -

Rongelap, Ailuk - long net

Ailuk -

Ailuk -

Ailuk -

Rongelap - thrown net,
long net

Rongelap, Wotho - long net

Uterik - long and thrown net

Rongelap, Ailuk - long net

i

!

Wotho, Ailuk



t

‘Ala or Lolo parrot fish
Callyodon pulchellus

Ailuk, !?ongelap

Ik mouj Ailuk
~0tho
Uterik - long net

white parrot
Scarus harid

Ellek or Hole rabbit fish

Sigannus rastratus or poellus

Rongelap - long and thrown
net

L’terik- long net
~0tho
Ailuk

E’k-Airik

Kabro

rainbow runner
Elagatis bipinnulacus

Uterik - long net

rock cod
Anyperodon leucogranunicus

Ailuk

1 Badet Sergeant ?fajor
Abudefduf sternfasciatus

‘#O t ho

1

I

Wothomoomoa
Abudefduf abdominal

--

Kwarkwar

Kupkup

Rongelap - long netSardines
Sardinella e.p.

skip jack (immature form)
Carant lessonii
needle fish
Belone platyura, Raphiobelenerobusta
snapper
Lutjanus kasmira forskal

Ailuk

Rmgelap - long net

Ailuk

Ailukspuirrel fish
Holocentrus blnotatus/scythraps

Rongelap
Uterik - long net
Ailuk

squirrel fish
Myripristis berndti

Mone or eanrok sturgeon fish
Naso unicornis

Ailuk
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Kupan

Tiepdo

Bub

Ael

---

Bataklaj

Kibu

I

Jorot

Akuba

Debijdreka

Ebil

banded sturgeon fish
Acanthurus triostegus/linnaeus

black sturgeon fish
Acanthurus nigicans

black trigger fish
?lelichthys ringens

unicorn fish
Hepatus divaceus/scheider Bloch

orange spot tang
Acanthurus olivaraceus

unicorn fish
Haso brevirostris

---

---

---

---

---

Rongelap - iong and

thrown net
Uterik - long net
Wotho -

.Ailuk

Ailuk, Rongelap

Ailuk

Ailuk

Ailuk

Uterik - long and thrown
net

Ailuk

Uterik - thrown net

Ailuk

Ailuk

Ailuk

8 /.
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.
L. FISHING LINE*

‘arshallese name

Niitwa or

Jure

Lejabwil

KYko

Al

Ikaidrik

Jilo

Bwebwe

Sciertcificname

barracuda
Sphvraena forst.eri

bonito
Katsuwanus pelamis

dolphin
Coryphoena hippurus

kingfish

rainbow runner

dogtoothed tuna
Gymnosarda nuda

tuna
?ieothunusmacropterus

hethod used at oceanside (off the reef)
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Island

Ailuk, Wocho, Rongelap

Ailuk, Rongelap

Ailuk

Ailuk, Rongelap

Ailuk, Rongelap

Ailuk, Rongelap

Ailuk, Rongelap



3. FISHING LINE*

Marshallese name

Kuro

Lejebjeb

Scientific name

caught in deep water by lagoon or ocean

Island

grouper Ailuk, Rongelap, Uterik,
Epinephelus fuscagultatus ~0tho

rock grouper or rockhind Ailuk, Rongelap (bottom

Epinephulus adscenscionis fishing), L!terik,

Epinephulus albofasciatus WOtho

Perak scavanger Ailuk, Rongel. . Uterik

Lethrinus kollopterus

Dijin scavanger Ailuk, Rongelap,Wotho
Lethrinusvariegates

Jato or Ikonb~n red snapper Ailuk, Wotho, Rangelap

or Jaap Lutjanus gibbus (bottom fishing)

Jera squirrel fish Ailuk, Uterik
Holocentrus sp./Myrispistis sp.

Ewae or Loom streaker Ailuk, Uterik, Rongelap

Aprion virescens

Lane or Ikbwij skip jack
Caranx lessonijcrevally

Bwilak

Weo

unicorn sturgeon
Naso lituratus

---

*used in deep water (lagoonor ocean)
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Uterik, Rongelap,Ailuk

Ailuk

Wotho, Uterik, Ailuk,
Rongelap

!
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Kupan

Tiepdo

Bub

Ael

..-

Bataklaj

Kibu

{
I

!

I

Jorot

Akuba

Debijdreka

Ebil

banded sturgeon fish
Acanthurus triostegus/linnaeus

black sturgeon fish
Acanthurus nigicans

black trigger fish
Melichthys ringens

unicorn fish
Hepatus divaceuslscheider Bloch

orange spot tang

Acanthurus olivaraceus

unicorn fish
Naso brevirostris

---

---

---

---

Rongelap - long and
thrown net

Uterik - long net
Wotho -

Ailuk

Ailuk, Rongelap

Ailuk

Ailuk

Ailuk

Uterik - long and thrown
net

Ailuk

Uterik - thrown net

Ailuk

Ailuk

Ailuk
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4)
?!arshllese name

At-kadu

K.anbok

Kie

Dibab

?ajrok

Jojo

@

-!0

Jome

Memo

Pako

Lappo

Ikuut

~. FISHING LINE*

Scientific name

A fish
Hoi polydactylus

bass
Variola louti

big eye or burgy
Monotaxis grandoculis

butterfly fish
Chaetodon ocellatus

chub ro rudderfish
Kyphosis vaigiensis

flying fish
Exocoetidae sp.

goatfish
Xulloidichthy samoensis

goatfish
Mulloikicchys samoensis

grouper
Epinephelushexagonatus

ground shark
Carcharhinusmelanopterus

hogfish
Chelinus undulatus

mullet
Crenmugil crenilabi.s

pilot fish
Haucrates ductor

Island

Uterik

Rongelap

Rongelap, Uterik

Uterik

Uterik, Rongelap

Rongelpa, Uterik, Ailuk

Uterik

Uterik

Rongelap,Uterik, Wotho

Uterik, Rongelap

Rongelap, Uterik

Uterik

Uterik
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3. FISHING LINE*

Imim

Kupkup

Lojkan

Jetaar

Ban

Kejwar

Lele

Jebos

Kibu

lMelij

Januron

Bok.1im

reef triggerfish
Balistopus retangulus/oculeatus

squirrel fish

.~y’ristis berndti

skip jack (immature form)
Caranx lessonii

shell fish

snapper
Lutjanus kasmira/forskal

snapper

---

triggerfish,
Rhinecanthus aculeatus

---

---

Uterik, Rongelap

Rongelap - trolling

Uterik

Rongelap

Uterik, Rongelap

Rongelap, Wotho

Rongelap

Wotho, Rongelap - bottom
fishing

Uterik

Uterik

f

I

i---

---

---

Rongelap

WOtho

\{Otho, Uterik, Rongelap -
bottom fishing

i

*used in deep water (lagoon or Ocean)

●
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o 4. FISHIXG LI:{E*

Yarshallese name Scientific name

Pajrok chub ro rudderfish
Kyphosus vaigiensis

Bane

Jo

Tinar

?lomo

Kuro

starry flounder
Platichthys stellatus

goatfish
Mullaoidichthys sarooensis

small grouper
Lutjanus kasmira forksal

grouper
Epinephelushexangonatus

grouper
Playichthys stellus

Island

Ailuk

Ailuk

Ailuk

Rongelap

Ailuk

Ailuk

Tak needlefish Ailuk, Rongelap

Belone platyura, Raphiobelonerobusta

KupKup skip jack (immature form) Ailuk
Caranx lessonini

Kur squirrel fish Ailuk

Holocentrus binotatus/scythrops

MonGr squirrel fish
(Ar;n) Myristis berndti

Kibu ---

Akuba ---

Ebil ---

Ailuk, Rongelap

Ailuk

Ailuk

Ailuk

*pole fishing in shallow water
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5. SPEARING FISH

Xarshallese name

Dep or
Eddeup

Kie

Scientific name

A fish

Islands

Uterik

big eye or burgy
?lonotaxis grandoculis

Rongelap, Uterik

Utot or Dibab
or Wutwot

Kanb~k

butterfly fish
Chaetodon onriga

Uterik

bass
Variola louti

Rongelap

Jawe giant sea bass
Promicrops lancelatusftruncatus
Plectropomus truncatus

Rongelap, Uterik

Pajrok chub or rudder fish
Kyphosus vaigiensis

Rongelap, Uterik, Wotho

c

UterikMonaknak file fish
Amansis carolge

Bale starry flounder
Platichthys stellatus

Rongelap, Uterik

Jo goatfish
Mulloidichthys samoensis

Uterik, Wotho

UterikJome goatfish
Mulloidicthys samoensis

small grouper
Lutjanus kesmira/forskal

Tinar

Memo

Ailuk, Rongelap

Uterik, Wotho.

continued

grouper
Epinephelus hexagonatus
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Kuro grouper
Epinephelus adscenscionis

Ailuk, Rongelap, Wotho,
Uterik

Ailuk, UterikICalemeej blue spotted grouper
Cepahalopholis argus

Lappo hogfish
Cheilinus undulatus

Rongelap, Uterik

bla parrotfisn
Callyodon pulchellus

Ailuk, Rongelap

?!20or Hera parrotfish
Scarus jonesi/sordidus

Rongelap, Wotho,
Uterik, Ailuk

Ailuk, Rongelap,
Uterik, Wocho

Rongelap

rabbitfish
Sigannau rostratus/puellus

!-t2ramoror
C.Ormor

rabbitfish
Siganus sp.

rock cod
Anyperodon leucogrammicus

Ailu, Rongelap

L.ojebjeb rock hind
Epinephelus albofasciatus

Uterik, Wotho,
Rongelap

Llterik--- grouper
Epinephelus adscenscionis

Perak Uterikscavanger
Lethrinuskollapterus

~-n or Moned squirrel fish
Hyripristis berndti

Uterik

Jera squirrel fish
Holocentrus sp./Myripistissp.

Rongelap, Uterik

continued
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5. SPEARING FISH

Badet sergeant major
Abudefduf

WOt ho

Ailuk, Rongelap

Uterik

Jetaar
(Jetaad)

snapper
Lutjanus kasmire/forskal

Bonej snapper
Lutjanus vitta

I
wo t homullet

Crenmugil crenilabis

Tiepdo Ailukblack surgeonfish
Acanthurus nigicans

Wotho, Uterikbanded surgeonfish
Acanthurus triostegus/linnaeus

Mone
eanrok

Imim

surgeonfish
Naso unicornis

Rongelap, Uterik

Rongelap, Uterik

Ailuk

Rongelap

Ailuk

reef triggerfish
Balistapus retangulas/aculeatus

Bub black triggerfish
Melichthysringens i

Lele triggerfish
Rhinecanthusaculeatus

Baraklaj unicorn fish
Naso brevirostris

Ael Rongelap,Ailuk, Wothounicorn fish

/
Hepatus olivaceus schne~der B-h

Ailuk

ke&. . .

:.

.,’.....

orange spot tang
Acanthurus divaceus -

continued
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5. SPEA.IWJGFISH

Bwilak

Ik mouj

Jiborbor

Kibuj

Jonuron

Boklim

Ieo

Ikenae

Pebijdreka

Karlas

unicorn - surgeon
Naso lituratus

white parrot
Scarus harid

---

---

Rongelap, Uterik

Ailuk, Rongelap,
Uterik. ~!otho

Rongelap

Uterik

~0 t ho

Wotho, Rongelap

Uterik

WOt ho

Ailuk

Uterik
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RONGELAP

Fish poisoning from

imim - reef fish, trigger fish
Balistapus retangulu~oculeatus

jaliia - a fish scavanger, Lethrinus miniatus

jowe - giant sea bass, Promicrops lanceolatus/truncatus
bass, Plectropomus truncatus

iool - mullet, Crenmugil crenilabis

WOTHO

Fish poisoning from

mao
e’kmouj
i61
ael
lele
ikenae
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ilppe~dix F

School Children’s ~eeding ?rOgram

The school children’s feeding progran requires that each child should receive:

Type .4 ~enu

9reakfast Lunch—

Fruit - 1/2 cup Yeat - 2 ounces
or

Fruit juice - 1 cup Fruit and vegetables - 3/Q cup

Bread - 1 slice Milk - 1 cup

?filk- 1 cup Bread - 1 slice

Heat - 1 ounce (optional) Butter - 1/2 teaspoon (optional)

Substitutions:

For r.eatwe can use any canned meat, fish, pork, chicken, shell fish, jokra, clams,.—
turtle, eggs, and peanut butter.

Instead of bread we can use 1/2-3/4 cup of rice, tare, breadfruit, coconut meat,

bananas.

Fruit and \’egetables can be any of the canned fruits and vegetables, papaya, pump!cin,

taro leaves, sweet potato, Chinese cabbage.

Note: Each school is allowed $100/month for purchase of local food.

-67-



‘1-. Lunch program as c~rried out at the different .ltoLls/isiands.

a. ~:umber of schOOl days a week - 5

b. Xumber of school c!avsa vear - 219

c. Items and quantiti~s

I: Breakfast

Basic

1. Fruit

or

Fruit juice

7-. Bread

or

Rice

3. Yilk
(powdered)

4. Sugar

5. ?leat (canned)

(fresh)
or
Fish (canned)
or
Fish (fresh)

Substituted bv

Fruit cocktail, peaches
apple sauce, pineapple

orange, grape, apple

flour

macaroni, oatmeal
or

tare, breadfruit,
coconut meat, bananas

---

---

eggs (processed),
peanut butter, spare,
beef stew, chicken, pork
mackerel, tuna

or
fish, turtle, shellfish

.4mount

57 g

240 cc

30 g

115-200 g
(cooked weight)

230 g

15-30 g

30 g

6.
t

-68-
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a. Meat - canned
or - fresh*
or
F~h - canned
or - fresh*—

b. Fruit and
vegetable

c. }lilk

d. Bread
or
=tmeal
or
Rice

c
i J e. butter

Substituted bv

spare,beef stew,
pork, chicken

mackerel, tuna
fish, shellfish, turtle
or

peanut butter

Fruit cocktail, peaches
applesauce, pineapple
or
;xed vegetables, peas,
tomatoes, CO~, greenbeans

—-.

---

tare, breadfruit
coconut meat, bananas

---

.%nount

57 g

57-85 g

240 CC

29 g

114-170 g

114-170 g
(cooked weight)

8g

‘c;
-69-
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Appendix H

Food Supply Ships - Trip Schedule

(as carried out during 1977-1978)

MONTH SOUTHERN ATOLLS WESTERN ATOLLS EASTERN ATOLLS CENTRAL ATOLLS NORTHERN ATOLLS

OCT

NOV

DEC

JAN

FEB

MAR
I

+ APR
P

I
MAY

JUN

JUL

AUG

SEP

OCT

1- FTs

1- FTS

2- F-I’S

-o-

1- Spc

1- Spc, 1- FTs

1- FTs

1- Spc-Kili, 1-

FTS,l- Spc-Kili

2- FTS

1- FTS,l- Spc

1- Spc-Kili

1- SpC, Kili, Jabor
1- Kill, 2- FTS

1- Spc, Jabor-
Kili

1- FTs

13 - FTS

7- Spc

1- FTs

-o-

1- FTs

1- F’Ts

-o-

1- F-I’s

-o-

1- FTs

1- Ft’s

1- FTs

-o-

1- F-r’s

1- FTS

9-Regular

-o-

2- Frs

-o-

-o-

-o-

-o-

2- FTs

-o-

1- FTs

1- FTs

2- FTs

1- FTs

1- FTS

10-Regular

2- FTS

1- FTs

-o-

-o-

1- FTS

1- FTS

1- FTs

-o-

1- FTS

1- UN Mission
1- B-Pick UP

1- FTS

2- FTs

1- FTS

n-Regular

2-Special

1- FTs

1- FTS

1- FTs

1- FTS

2- FTS

-o-

1- FTS

1- FTS

1- Spc

1- Spc
1- FTs

1- FTS

1- FTs

1- FTS,l-Spc,Utirik,
Rongelap

n-Regular

2 -Special



Rice

Flour

Sugar

Yeast

Biscuit

Peanut butter

Appendix I

Private or Community Stores

Types of Food Available*

Corned beef Tang Shoyu
Tuna ?Iilk (powdered) Shortening

Sardines Coffee Iodized salt

Mackerel Tea

Milk (canned)

Baby food

J 1

I
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Thyroid Dose Assessm’t for Rongelap and Utirik Residents-Draft



E.T. L*ssard, .!.R.Yaida, ~.?. Miltenberger
3rookhaven National Laboratory

Safety and Zzviramnencal Proc.eczionJivision
UpCon, Yew York :L973

&
N.A. Greenhouse

University oi California
Lawrenc& BerksL&y L~boracory
~erkeley, California 94720

&
L.V. ~plan

Brookhaven Summer S[udenc Program
3rookhaven National Laboratory

dnd Yale University

ABSTRACT

The internal thyroid absorbed dose from Castle Bravo fallout affecc-

ing Xonselap and Utirik Atolls, Xarshall Islands, is reassessed ‘using

~~ceqendenc approaches encompassing 1) the singie pooled urine radio-

chemical analysis of March 1954 and eurrenc qtake, retention and ~xcre~ion

aodels, 2) airborne coricencracionsand areal activlcies of the iodine

isotopes derived from historic soil samples and, 3) airborne concencracions

and areal activities of the iodine isotopes derived from weather data ob-

tained during the thermonuclear test experiment at Bikini Atoll and currenc

iallout deposition models. Faccors such as solubllicy of iodine isotopes,

the passible contribution ~rotn neutron induced activity, the impact of thy-

roid seekers other than iodine isotopes on dose, and confidence levels for

‘Iaiues of derived quantities such as airborne ac[ivity concentrations are

a:so considered. Additionally, these thyroid absorbed dose estimates are

compared t~ the incidence of thyroid nodulss reported for the accidencal:y

*:<posed people.

?.esearchcarritidout under che auspfce of the U. S. Deparcmenc of Enerzy
under Contract NO. !3E-.+c92-76CHOOO16.
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Operation CASTLE - Shot 1 - Bravo.
On-site dose rate contours in r/h? at H+l hour.
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. . .ixi .+toli irilabitin:s ‘=?T2=., aoved first to longer i;; .+tcil ana t“lan iinail:7to

Kili Island. In 196~ ?resident Johnson declared Bikini Island safe for

resettlement.

Rehabilitation efforts of 3ikini Atoli began in 1969. TSese activities

required persons to reside on 3ikini Island. ay April 1978, the population

numbered 143 persons and consisted of caretakers and agriculturalists employed

by the Trust Territory plus a few Bikini land owners and their families who

found their way back via Trust Territory trade snips. This population remained

on aikini Island until they were relocated in August 1978 to Kili Island in the

southern Marshalls and to Ejit Isiand, Majuro Atoll.

During the rehabilitation and repopulation years, the medical services al-

ready provided by Robert Conard, M.D. and the Brookhaven Medical Team on other

- atolls of the %rshail Islands were expanaed to include sick call and body

burden measurements on aikini Islands. Tlnis team made body burden measurements

in 1974 (CO 75) and in 1977 (CO 77). In August 1977, the responsibility for pro-

viding body burden measurements was transferred from the Medical Department to

the Safety and Environmental Protection Division (SEP) at Brookhaven National

Laboratory. The 1978, 1979 and 1980 body ‘aurden measurements of the aikini popu-

lation were conducted by the SEP organization.

This report sunanarizes all personnel monitoring activities which were con-

ducted on the Bikini Atoll residents from 1970 through 1980. Using the body bur-

den data along with the reported residence interval, individual dose equivalents

have been calculated and are also reviewed.

A. Body Burden Measurements - Radiocnemical Analysis of Urine

Prior to the assumption of responsibility for the total personnel

monitoring program by the SEP Division in 1977, analysis of urine samples for

2



--.’.=. Yn ~rcducts and :rIrisL:Yanic .eLemencs was conducted under cont=accs to

13attelle ?acific Northwest Laooratories (32WL) and %vironmental ?ieasurements

Laboratory (HL). tiaiytical procedures for processing and analysis are similar

and can be found in OL 81.

Urine data collected after 1977 were processed by the SEP Division.

Sampie collection <nd analysis procedures used by this division are outlined

belcw.

1. Urine Collection ?rotocol

Twenty-four hour and five day urine samples were collected from

~ikini Atoll residents. Twenty-four hour samples were used co define fission

product body burdens while the five day urine samples were used both to deter-

mine fission products and transuranic body burdens. The normal procedure was to

distribute the urine collection bottles just after the individual received a

whoie-body count. Individuals were informed to collect all urine excreta in the

bottle for the speci$ied collection period. ,Sample containers were collected

after the selected sample period had elapsed.

Once collected, acidification procedures were followed to inhi3is

biological degradation of the sample. From 1977 to 1978, urine bottles were

precreatea with 15 ml of a 10Z thpol-alcohoi solution. After urine collection,

10 ml of HX03 was addea. This procedure was halted because of skin discomfort

caused by thymol contamination during urine collection. In 1979 and 1980, 15g

of boric acid was added to each one liter urine bottle after sample collection.

Both acidification techniques minimize sample degradation. After acidification,

samples were packaged and shipped to BNL far analysis.

Twenty-four hour urine samplzs are analyzed for gamma emitting nu-

cliaes and 9oSr. Samples are first placed in an ultrasonic cleaner to loosen

t. 3



T.cz:?T: :,~s~eyse;Ciids. . ..~ ~!m-e :: =sa-’~~~i .:-i2 2P0 T,l ali--cct 13 t~.en.

drawn for gamma analysis. Gannna spectroscopy is perfamed with a 125 cc active

volume, 262 relative efficiency Ge(Li) detzctor which is connected to a computer

based ztulti-channel analyzer. Samples were counted from 4000 to 10000 seconds

de?ending on the activity in the sample. When gamma analysis was completed, the

aliquot was returned to the initial sample and the total volume was analyzed for

90~r - 90Y
.

The sample is acidified to a pH of 1, stable strontium and yttrium

85
carrier along with Sr tracer are added to the sample. The sample is chemi-

cally processed according to the procedure reported in Appendix A. The final

90 90~r
processing step results in a Y precipitate which is used to determine the

urine activity concentration. Sampie results are corrected for chemical yield

90 90~r
and radiological decay of Y post separation from . 3ecause of the dura-

tion between sample collection and sample analysis (in excess of two months)
9Oy

and ‘0 Sr are ia secular

137
Cs and

equilibrium at time of sample analysis.

90
Sr urine activity concentrations for all pooled sam-

137 .aO
pies are reported in Table 1. Cs and Sr urine activity concentrations and

the 90 Sr body burden at time of removal arz reported in Tables 2 throu%h 5 for

go
Bikini Atoil residents sampled 5etween 1973 and 1980. The Sr data werz csed

to calculate the bone marrow dose-equivalent cormnitment.

Five day urine samples were also collected from 1974 to 1978.

These samples were analyzed by Battelle Northwest Laboratory (BNWL), Environmen-

tal Monitoring Laboratory (EXL) and Los Alamos Scientific Laboratory (LASL) for

fission products and transuranic nuclides. The results are presented in Table

6. All transuranic analyses were carried out by alpha spectroscopy. The miai-
.

mum detectable limit was 3.7 x 10-> Bq for all analysis systems.
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F~~*e sameles ‘de?~o~t~~ned seqlle~tially f:VJI ~b ?er SOnS ?UTlrig :h.e

Jacuary 1979 field trip to determine the variability inherent in the 24 hour

urine sample program. The results of this study are listed in Table 7. For

137
Cs, the mean biological and counting variability (one standard deviation)

associated with a single urine sample is 322. For 90Sr, most of the results

were less than the minimum detection limits of the system or the average of the

5 urine sample results had an associated standard deviation which was larger

than the result. Consequently, only 6 sample results were used to determine the

biological and counting variability of the
90
Sr urine data. The mean standard

deviation associated with this result is 65%. The counting error contributes

15% of the variability while other sources of variation account for 50%. These

other sources are most likely related to the day to day metabolic changes nor-

ma:iy exhi5ited ~y an individual.

3.

conaucted

suremencs

Whole-3ody Counting

h%ole-body counting measurements on the Bikini population that were

in 1974, 1977, 1978, 1979 and 1980 are presented. The body burden mea-

were performed by two different organizations; consequently! the exper-

imental design included a mechanism to ensure that

are directly comparable. Key aetection components

previous and current resuits

were duplicated and the sys-

tems were calibrated in the same manner (CO 63). The operational procedures and

counting geometries were basically similar, and an intercomparisoa study was

conducted using Marshallese and Brookhaven personnel to ensure system

comparability.

1. Instrumentation

The detector chosen for field use by both Brookhaven organizations

is a 28 cm diameter, 10 cm thick, sodium iodide thallium activated scintillation

5



photomultiplier tube is connected in parallel and the combined output routed to

a ?re~plifierf’ampli~i~r and then to a microprocessor-based computsr/pulse

height analyzer (PHA). The PH.Adata is stored on a magnetic discette, and the

results may be analyzed either in the field or at BNL using a matrix reduction,

minimization of the sum of squares technique (TS 76).

2. Calibration

Analysis of spectra by the matrix reduction technique requires

that the computer library contain individual standards for each radionuclide

that is expected h the field measurements and that the field measurements and

sta~dards be the same geometry.

To accomplish this, a revizw of the previous whole body counting

40K 60C0 and 137C~
data (CO 75, CO 77) indicated the need to calibrate for , .

The present system was calibrated in 1978 using an Anderson REMCA.L phantom (CO

63) and in 1979 using a BOW bottle phantom. Each radionuclide was introduced

into the phantom’s organs in an amount equivalent to the fraction in organ of

reference of that in total body as defined by the ICRP in Publication 2 (ICRP

59). Under conditions of continuous exposure where equilibri~ has been reached

these fractions are correct. 40KThis is achieved for the nuclide . The nu-

60
elides Co and

137
Cs are in non-equilibrium throughout the exposure and post ex-

posure intervals. Cesium is taken up principally in cells with 80% to muscle

and 8% to bone (SP 68) where the mean residence times are both 160 days. This

implies a nearly uniform distribution of the nuclide throughout the whole body.

Thus, with 88% of the uptake spread throughout the body with a long halftime and

with the remaining 12% of the uptake in the extracellular fluid, which retains

6 (



‘?C:’L113 ‘Jith a shcrc i?,l~:ime (!.0 da~) , the souyce ~eome[:y “.’i’ 1 r.c: be

significantly aftected with respect to an ingestioniexcretion equilibrium of ce-
4

60
sium within the body. Co is not distributed unifomnly throughout the body

with 20% of an oral intake being retained in the liver with a very long biologi-

cal halftime and about 80% being cleared from the extracellular fluid to out of

the body with a biological halftime of’one day or less. Thus source geometry

will be significantly effected with respect to ingestion/excretion equilibrium

of cobalt within the body.

To verify the activity in the phantom prior to use as a gtandard,

an aliquot of the phantom solution was counted on a lithium drifted germanium de-

tector which was calibrated with NBS standard sources. The phantom was then

counted in a shadow shield whole body counter (WC) (PA65). The whoie body

counting system consists of a stationary crystal and stationary bed. The

counter detects radioactive material located principally in the thorax, so

positioning of the phantom and the in vivo counting subjects must be as similar

as possible. To facilitate reproducible counting geometries, each subject and

the standard phantom was positioned

intersected the central axis of the

The distance between the surface of

such that the central axis of the crystal

body about 25 cm below the sternal notch.

the bed and the bottom of the detector is

32.4 cm. 40K 60C0 and 137C$ are listed in
The total system efficiencies for ,

Table 8 as are typical minimum detection limits for these nuclides.

In 1979, a shadow shield chair geometry replaced the shadow shield

bed configuration. The chair whole-body counter used the same electronics as in

the past. The system was calibrated using a 3omab bottle phantom. Uniformly

40K 60C0 and 137
distributed activity concentrations of , Cs were used for system

calibration. Verification of phantom activity was accomplished as previously

7



dec cribed . The cha ir <eometr:y detects radioactive matsriai iocated between the

neck and the ‘knee. The total system efficiencies are the same for the chair and

bed geometries.

3. Quality Control

The quality control (QC) program consisted of a cross comparison

of the radionuclide amounts estimated to be in the phantom volume versus NBS cal-

ibration standards. Agreement betveen the two activity concentrations is within

plus or minus 5% for all radionuclides. Other quality control mechanisms

employed were repetitive counting of secondary point source stanaards, multiple

counts of 3rookhaven personnel, repetitive counting of the Marshallese (blind

duplicates) and an intercomparison study.

.—

source,

used to

tion of

Two point sources were used in the QC program. Initially
137CS

which hag been used by the BNL medical surveys in previous years, was

monitor potential changes in system resolution and efficiency as func-

time. In subsequent years, a
137

Cs + ‘0 Co point source, was used for ~

zero, gain, resolution and efficiency determination.

Replicate counting

subjects. Results indicate that

counting system is reproducible

error is due to variable subject

of Marshallese was conducted on 5% of the

the data obtained from the field whole body

to within plus or minus 6%. Almost all of this

position. When subjects remain stationary, the

difference between sequential results is plus or minus 1%.

An intercomparison of whole body counting systems was conducted be-

tween the field system and the whole body counter operated by S. Cohn for the

Brookhaven Medical Department. Persons used in the study included 13

Xarshallese with measurable
137

Cs body burdens plus several Brookhaven employees

with current whole body counting records at the Medical Department. The results

8



137 40
of the study indicate chat Cs and K body burdens which exceed the minimum

sensitivity of both systems are in agreement to within Pius or minus 5%.

RESULTS

Persons listed in Tables 9 through 12 have been identified as medically

registered residents. This terminology means these individuals reported to i3NL

doctors for sick call during the April 1973 field survey and were assigned a reg-

istration number. For continuity, these mnbers were retained by SE? for

radiochemical analysis of urine identification. Individuals who donacea urine

for analysis of 90
Sr and

137
Cs in 1979 and did not report for sick call during

the April 1978 survey ac Bikini Atoll have been termed non-medically registered.

Persons who had not resided at Bikini Atoil for more than three years as of

January 1979 or had never resided at Bikini Atoll are labeled as comparisons.

.-
Tables 9 and 10 present a list of adult individuals who were counted in

(“”
1974 (CO 75), 1977 (CO 77), 1978, 1979 and 1980. There is a general increase in

body burdens of adult males from 1974 to 1977 by a factor of 13.3, and from 1977

to 1978 by a factor of 1.8. The general increase for adult females from 1977 to

1978 was slightly higher than that for males over the same period. In most

cases, the January 1979 data are si=~ificzntly lower than the 1978 with an

137
averaged reduction in the Cs body burden by a factor of 2.9. The }lay 1979

and August 1980 data follow the expected decreasing trend.

Tables 11 and 12 sunxnarize the
137

Cs body burden data collectzd for adoles-

cents and children. It must be noted that data reported here are uncorrected

for height and weight differences between subjects and the standard, up to 15%

deviations have been reported for adult data (MI 76). Body burdens of adoies-

9



cem:s and children re?orc?d ‘.n Tables 11, 12 and :3 were computed using

efficiencies obtained from standard adolescent and juvenile ~omab phanccms.

Table 13 summarizes the
137

Cs data that are presently available. It snows

the mean standard deviation from the mean, and range of values reported for the

sampled population segregated by sex and age, as it has changed from 1974 to

1980.

Table 14 compares the observed reduction in
137

Cs body buzdens from April

1978 to January 1979 with the reduction in
137

Cs body burden that was expected

as a result of relocating the Bikini population in late August 1978. Values for

the ~iological removal rate constants were obtained from NCRP Report 52 (NRC?

77) and ICRP Publication 10A (ICRP 71).

Table 15 presents the long term biological removal race constants for indi-

- viduals in the Bikini population as determined from sequential measurements in

1979 and 1980. Table 16 presents population subgroup mean values for the 137CS

long term biological removal rate constant. The data are in good agreement with

ICRP publication 10A (ICRP 71) and NCEP report 52 (NCRP 77).

In addition to the followup whole body counts performed on persons who

were initially counted in April 1978 on Bikini Atoll, persons who had resided at

Bikini Atoll and were concerned about their current body burdeng were counted.

Dependents of adult Bikini Atoll residents were counted regardless of their resi-

dence history. Results of this work conducted in January 1979, May 1979 and

August 1980 at Majuro Atoll, Kili Island and Jaluit Atoll are presented for

adult males, adult females, adolescents and juveniles in Tables 17 through 20 re-

137
spec:ively. Most of the Cs body burdens are at levels which are consistent

with world fallout contamination. Some dividuals have higher than anticipated

137
Cs body burdens. Interviews with these subjects revealed that they either

10



atolls.

Population Census and Residence Atolls

137
Cs body burdens from Flay 1979 of individuals whose residence history on

Bikini was minimal and who had not recently (within 2 years of August 1978)

resided at 3ikini Atoll were grouped together to form a c~mparison population.

In August 1980, a second comparison population was selected from !fajuro Atoll

and Kili Island residents who had never resided on Bikini Atoll. The whole-body

councing data for this group is presented in Tables 21 through 24. Table 25 sum-

marizes the
137

Cs data for both the May 1979 and August 1980 comparison

populations. The comparison population data were used in the computation of the

137
Cs long term biological removal rate constants reported in Table 15.

.- Table 26 shows the number of April 1978 Bikini residents that were

recounted on subsequent field trips. Column 2 lists the total number of people
,.-

f counted on each field trip. Column 3 lists the total number of persons who

resided at Bikini Atoll in April 1978. Column 4 lists the number of persons who

were medically registered in April 1978. The difference between column 3 and 4

reflects the presence of Rongelap or IJtirikresidents who had moved to Zikini

Atoll between 1970 and 1978. Column 5 lists the number af ?ersons counced that

belong to the medically registered population listed in Column 3. Column 6

lists the number of persons counted vho reportedly resided on Bikini Atoll at

the time of relocation in August 1978. Column 7 lists the number of non-

relocated former residents counted.

Table 27 presents the number of adult males, adult females, adolescents

and juveniles which composed the medically registered, relocated population sam-

pled in 1978 and 1979. Table 28 presents the same sampie breakdown for the

11
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onl;z in 1979.

Table 29 summarizes the residence locations of all persons <aunted.

Tables 30 and 31 break this data down by sex, age and registry status ~ar the

January 1979 and Yay 1979 field trips. Tables 32 through 39 provide individual

counting dates and residence

lists registry numbers, age,

who nave not been whole body

DOSi2fETRY

The dose equivalent to

atoll or island at time of counting. Table 40

name, sex and last known location of individuals

counted since their departure from Bikini Atoll.

~ikini Atoll residents during their residency pe-

riod was the result of internal and external source..of radiation. In 1975, ex-

ternal exposuze measurements were perfomned (Gil 79) at Bikini Atoll. Using

these data and an estimate of the ?iarshal;zse living pattern developed by

Guaiksen (GU 76), an estimate of the mean yearly net exposure rate for adult

males, adult females, adolescents and juveniles was developed and reported in a

previous publication (GR 79). The net external dose equivalent for each individ-

ual was determined as the product of the mean net exposure rate, the residency

interval and a correction factor for radiological decay and is presented in COl-

umn 5 of Table 41.

The dose equivalent commitment for bone marrow due to
90

Sr has been calcu-

lated for individuals from urine data reported in Tables 2 through 5. The

symbols, constants and equations used are ?resentea in Appendix B. The retro-

spective dose equivalent was determined using several assumptions. First, per-

90
sons returning to 3ikini Atoll returned wi~h an initial Sr body

line levels. Second, while residing on Bikini Atoll, individuals

to a conscant and continuous uptake of
90

Sr through the ingestion

burden at base-

were subjected

pathway.

12 (,
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Finally, once strontium is ingested and absorbed into the blood,
90

Sr disintegrat-

ions are evenly distributed in cortical and cancelous bone tissues. Each indi-

90
vi,dual was assumed ZO exhibit diffzrent Sr ingestion rates. The daily acciv-

ity ingestion rate was determined from urine data. The prospective dose equiva-

lent was determined with the assumption that ingestion of
90

Sr ceased when the

individual departed from Bikini Atoll. Disintegrations resulting from residual

strontium-90 in bone post departure were calculated for an infinite post resi-

dence interval versus a fifty year period commonly chosen for radiation workers.

The dose equivalent cmmnitment, the sum of the retrospective and prospective

dose equivalents, are listed in Table 41, Column 3.

The retrospective and prospective dose equivalent resulting from the inges-

tion of
137

Cs have beeu calculated for members of the Bikini Atoll population.

.-
The s:nnbols, constants and equations used are presented in Appendix C. Data

used for these calculations were obtained from Tables 9 through 12 of this re-

port. Zecause the
137

Cs body burden data dramatically increased between 1974

137
and 1978, constant and continuous uptake of Cs could not be assumed. Conse-

quently, the dose equivalent during the uptake interval was calculated using a

monotonic increasing upta”~s regime. The total residency period, was divided

137into three intervals during which constant and continuous ingestion of Cs was

assumed. These periods, January 1, 1970 to December 31, 1975, January 1, 1976

to April 5, 1977 and April 6 to August 31, 1978, were determined based on the

bioassay data and the maturation period for vegetation planted in the early

1970’s. It was also assumed that the initial
137

Cs body burdens of individuals

returning to Bikini Atoll were at baseline levels. The prospective dose equiva-

lent was determined with the assumption that the ingestion of
137

Cs ceased after

13



an ~ndividuil departed i:om Bikini .Itoll. The dcse equivalent cmmni:=ent 2s ?e-

termined from these calculations are listed in Table 41, Column Q.

The total body dose equivalent commitment listed in Column 6, Table 41 is

the sum of Columns 4 and 5. The total bone marrow dose equivalent commitment re-

ported in Coiumn 7 was obtained by suming the data in Columns 3, 4 and 5.

Figures

tion obtained

interval, net

,99

1 through 3 illustrate the distribution of the dosimetric informa-

from Table 41. Figure 1 describes the distribution of residence

90
external exposure, Sr bone marrow dose equivalent commitment,

lJ’CS total body dose equivalent commitment, the total bone marrow and total

whole body dose equivalent commitments for the Bikini population sampled in

April 1978. Figure 2 presents this information for males only while Figure 3

presents the female dose distribution.

- Discussion of Results

90
Sr body burdens do not appear to be significantly different for males,

females and adolescents; however, the
137

Cs body burden as summarized in Tabie ~

13 indicates that male versus female adult body burden means are significantly

different. There was also a small difference between the body burdens of the

adult females and all children. These differences suggest that dietary and Iiv-

ing patterns change as an individual matures thus effecting the body burden.

This problem was addressed for external exposure in an earlier report (WJ

77) and an estimated living pattern was developed for children, adult females

and adult males. This information indicates that the adult males spend 5% more

of their time in an environment which is radiologically substantially higher in

activity than do the adult females. If one assumes that 5% more of the dietary

uptake of radioactive materials occurs due to the longer duration of time spent

in the interior section of the island, then one would expect that the mean adult

14 (.



~’ ‘ ?.’dyburiez ..-e’uli be >.igkzz :kr. L:iez2z?.=iult Femaie +cay “3urien5y a iac -

tor oi 1.2. The 1’7 Cs data collected in .>pril 1978 indicates that the mean

adult male body burden is 1.5 times higher than the mean adult femaie body

burden. Likewise, the mean child body burden

lower by a factor of 1.8. Our data indicates

burden is a factor 2 less than the mean adult

Zor 137 Cs would be expected to be

that the mean child
137

CS body

male body burden.
.

Other factors which influence the body burden include the age of the indi-

137C3
vidual, the residence interval on Bi’kini Island and family relationships.

body burden results weighted by the individual’s body potassiun and ordered by

sex, age and residence interval were tested to determine the influence of age

and residence interval on the body burden. The Bartlett test for homogeneity of

variance was used to determine if the sample

the same variances. If the sample variances

ysis of variances was performed on each data

populations under consideracionhad

were the same then a one way anal-

set. If the sample variances were

not equal, then the data was transformed by taking the log (ln or square root)

of the activity and the test for homogeneity repeated. When the data passed the

Bartlett test for homogeneity, the one way analysis of variance was performed.

The data were grouped by sex because

137
Cs body burden were significantly

the mean of the adult male and adult female

different.

The result of the one way analysis of variance with age of the individual

being the variable suspected of influencing the weighted
137

Cs body burden re-

sults indicates that no age or age group significantly influences the results.

This implies that indigenous food ?roducts are consumed at a uniform rate by all

individuals and that one age group does not have a preference for a type of food

not found in the diet of other generations.

(. 15



ihe result ~i the ane way anz:ysis 22 variarice vith residence :ime ca

3ikini as the variable of concern is unclear. The statistical analysis for

adult males indicates that persons with residency periods greater than 6 years

have higher weighted
137

Cs results than the rest of the male population. For

adult females, the group residing on Zikini for 3-6 years have lower weighted

137
Cs results than the rest of the adult female population. Residency once past

1 year, was ex?ected to have no effect on the
137

Cs body burden. This expecta-

tion was based on the mathematical models used by ICRP Publication 10A (ICRP 71)

which indicate that equilibrium with the environment would be reached within the

first 2 years of exposure to a constant uptake of
137CS

●

Data for these analyses were grouped in age and residency intervals that

wouid provide a minimum sample size of five data points per sample interval.

~ne small sample size and large variance of the grouped data cast serious doubt

as to the significance of the results generated by our statistical analysis.

The last variable considered was the impact of the social structure in the 1

tirshallese society. This factor seems to be highly significant. Table 42

lists the 137
Cs body burden results ordered by family ranking. The family rank

was accomplished by assigning the family placement number to the adult male’s

137
Cs body burden. Examination of this table reveals that the family ioilows

the pattern set by the adult male. This pattern does not follow a direct one to

one relationship; however, the trend is apparent.

There are several possi51e reasons for this trend. First, individuals

f:om the same family have a similar philosophy regarding the quantity of

indigenous food crops that they want to consume each day. Second, the family

oniy uses locally grown food products that are obtainable from that family’s

land. The family waco is also listed in Table 35. Finally, the significance of

16



The whole-body counting data also indicaces that previous estimates of :’ne

type Of food and amount of various components in the 13ikini diet did not ade-

quately describe the dietary patterns that existed between 1974 and 1978. As

certain local food crops, coconuts, became available in 1976, they were incorpo-

rated into the diet in the form of jekaru (the water sap of the coconut tree),

jekomai (a syrup concentrate made from jekaru) and waini (drinking coconuts).

The maturation time of the coconut tree is 5-7 years. Consequently, one would

137expect to observe a steady increase in the Cs body burden through 1978 at

which time an equilibrium body burden would be reached. Comparison of the

137
observed reductioc” in the Cs body burden from April 25, 1978 to January 24,

1979 with &he expected reduction in the body burdens iron September 1, 1978 to-“

January 24, 1979 yields almost identical results for the adult male and adult fe-

f- finalegroups as shown in Tables 7 and 8. This implies that the Bikini population

could have attained equilibrium and that the body burdens on September lj 1978

were not significantly different than those measured in April 1978. The child

data do not agree with the expected value; however, the difference is not beyond

the sange of half-t-imes listed in NCRP Report 52 (NCRP 77). .Uthough NCRP Re-

port 52 lists a mean half-time for children ages 5 through 15, it does not spec-

ify the age distribution of the sample. Y!st of the Bikini children were in the

5-10 year category; hence, one would expect the observed reduction factor for

this group to be somewhat higher than the expected value.

Although the data indicates that the
137

Cs body burdens may not have in-

creased between April and September 1978, this is not assurance that the body

17



~,l:~e~s would ~oc have increased vhen new dietary items like pandanus and

breadfruit became available for daily consumption.

Furthermore, while the population may have been near equilibrium with

their April dietary uptake, individuals within the population may not have been.

This was apparent in the adult male
137

Cs body burden data where two individuals

show no decline in activity between the April 1978 and January 1979 whole body

count. In one case, the individual was present on Bikini for only 5 months

prior to the April 1978 count. This places the individual at approximately 602

of his equilibrium body burden value. In the second case, there seems to be no

clear explanation for the lack of any reduction in the body burden, however

1. the individual may have lived away from Bikini prior to the April

count; hence, equilibrium was not established at the time of counting, or

2. the individual changed his diet pattern between April and September.

These deviations from the

um or near equilibrium may have

137CS
● Indeed, they illustrate

norm do not alter the conclusion that equili5ri-

been reached for the population as a whole for (

variations about a mean value.

Data collected between January 1979 and August 1980 also indicate that cer-

137
tain individuals have been ingesting Cs at a rate which exceeds that of the

sample population. This could in large part be due to visits co 3ikini or other

contaminated atolls between measurement dates.

l%e individual dosimetric data presented here clearly illustrates that at

least 19% of the Bikini residents would have received a dose equivalent in ex-

137
cess of 5 mSv (0.5 rem) due to the ingestion of Cs had the April 1978 activ-

137
ity ingestion rate of Cs continued. This dose equivalent level does not in-

clude the dose equivalent from external radiation or other internally deposited

radioactive material. Removal of the Bikini population from Bikini Atoll

18



137
eliminated the Cs source term from the diet and limited the dose equivalzrit

received by this population.

The contribution of
90

Sr to the bone marrow dose equivalent commitment was

small relative to the contribution from external exposure and
137CS

. As resi-

90
dence intervals increased, and food products with higher Sr concentrations

became more available, then the body burdens and bone marrow dose equivalents

would have correspondingly increased.

The total body and bone marrow totai dose equivalent commitments have a

standard deviation of 40% in the adult subgroups. For residence periods between

the years 1969 and 1978, a maximally exposed person received a total dose equiva-

lent commitment

lent connuitment

1and.
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Appendix A

Urine 8ioassay Chemistry i?rocedures

137
Cs and

90
Sr Assay of Urine in the Absence of Fresh Fission Products

A. Reagents

Strontium carrier solution: 20 mg Sr/ml

Yttrium carrier solution: 20 mg Y/ml

Calcium chloride: 0.1 ?!

Diechylhexylpnosphoric acid: 20% in toluene

Nitric Acid: 16N

Hydrochloric: 0.08 N

Anmonium hydroxide: 15 N

Ammonium hydroxide wash solution: lml15Nin500mlH0

Sodium hydroxide: 6X

B. Sample Preparation for
137

Cs Analysis

1.

2.

3.

4.

5.

Loosen cap on sample bottle and place into ultrasonic cleaner for .

approximately 10 minutes to loosen and disperse solids.

Pour suspended sample into a 2 liter graduated cylinder and record

total sample volume.

Measure 300 ml of sample into an aluminum can. Seal on lid.

Analyze sample with Ge(Li) detector system. Count for 4000

seconds.

When gamma analysis is completed and data is verified, return sam-

ple to analytical laboratory,

c. Procedure for
90
Sr Analysis

1. Remove urine from aluminum can and pour into 2 liter beaker.

Rinse can and cover and add rinses to beaker.
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2. Pcur remaining sample irom bottle in&o the 2 liter beaker, add 50

ml concentration HNO to bottle to rinse walls, add to beaker.

Rinse with water and add to sample.

3. Adjust pH to approximately 1 and heat sample to 80”C. Stir.

4. Add to sample

Strontium carrier: 40 mg

Yttrium carrier: 40 mg

90
Sr tracer: 1 ml (XI0,000 dpm)

CaCl 0.1 M: 50 ml

5. Digest sample at 80°C for 30 minutes while stirring.

6. Adjust pH = 4.

7. Add 40 ml saturated oxalic acid solution and mix well.

8. Drop add 6 M XaOH to adjust pH = 4.

9. Digest (with stirring) for 30 minutes.

10. Remove from heat, remove stirring bar, let settle overnight.

11. Filter entire sample through a 2 inch Whatman 42 filter paper

mounted in filter assembly. Wash the precipitate once with ammo-

..
nia wash solutlon.

12. Transfer filter paper and precipitate to a 150 ml beaker. Dry at

125°C in a muffle furnace. Slowly

●ight hour period) to a maximum of

500°C overnight.

raise the temperature (over an

500”C. Continue heating at

13. Cool the sample and add small volumes of concentrated H?JO. Evapo-

rate slovly to dryness. Dissolve residue in 60 ml of 0.08 N HC1.

Adjust pll= 1.
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L-i.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

iZ3F.5Z?r sam;le sol”~cicn:0 a

the yttrium with 60 ml of 20%

tion. Save aqueous phase for

1:~ Ri ~eparatzry f.unne~ and ex~zac:

~EHP solution. Note time OF extrac-

possible future reanalysis.

Wasn the organic phase twice with 60 ml of 0.08 N HC1. Save the

first wash and combine the aqueous phase from step 14.

Extract the yttrium from the organic phase with”2, 60 ml volumes

of 3 N ‘HNo
3“

Shake for 2 minutes for each extraction and then com-

bine 3 Y HN03 solutions in a 150 ml beaker.

Evaporate the sample solution to a volume of approximately 3 ml

and quantitatively transfer to a 50 ml centrifuge tube with sever-

al volumes of water.

Adjust the pH to 8-10 with NIi40Hto precipitate Y(OH)3.

Centrifuge, decant and discard supernatant liquid.

Vash the precipitate with water, centrifuge, discard wash.

Dissolve the precipitate in 1:1 HC1 (a few drops),

25 ml water.

Add saturated oxalic acid (2-3 ml), then 2-3 drops

gest at 85°C for 1 hour.

slurry and add :

of NH OH. Di-
L

Filter through a preweighed glass fiber filter disc, wash with

water and ethyl alcohol. Dry at 11O”C for 15

Weigh the dried precipitate and filter paper.

disc, cover with 0.25 ml mylar and beta count

low background anti-coincidence counters,

minutes.

Mount on nylon

for 60 minutes using

Correct for gravimetric yttrium yield and yttrium decay single

separation.

Report data in pci/1 urine at time of collection.
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Swnbols, constants and equations usea to calculate
90~r-90y bone ~avrow

.

dose equivalent during the uptake interval and the committed dose equivalent

The following definition, symbols, constants and equations describe the

mathematical model used to calculate dose equivalent during and post the uptake

interval. Intermediate steps can be used to determine body burdens or daily ac-

tivity ingestion rates. The equations were developed with the assumption that

the measured quantity from a bioassay program would be the urine activity concen-

tration. Constant continuous uptake of
90~r-90

Y through the ingestion pathway

was assumed for the entire residence period. For 90Sr, the uptake interval

90equals the residency period. As indicated previously Sr disintegrations are

divided equally between cortical and trabecular bone.

Maciematical Model

(- N;

Hi

?.
1

K.
1

A

qi

Ei

(

Symbols, Definitions and Units of ?hysical Quantities

= the number of atoms of species of concern present at time zero in com-

partment i, atoms,

=
the instantaneous number of atoms of species of concern present at time

t in compartment i, atoms,

-1= atom intake rate into compartment i from blood, atoms day ,

= the instantaneous fraction of atoms removed from compartment i per unit

-1
time by physiological mechanisms, day ,

= the instantaneous fraction of atom removed from compartment i per unit

-1
time by radiological mechanisms, day ,

= the instantaneous activity in compartment i at time t, Becquerels,

= the instantaneous activity excretion rate from compar~ent i at time t,

-1
3ecquerels day ,
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--
- ‘u

.

‘1

q

“P

xi

t

u

Um

‘f

Q

‘c

D

%

5X

<
c

‘%N

Si

‘1

‘2

‘3

the fr 3ccicr. Oi ‘3cd:7 ac:ivi, t.f ~:<:r~c:< ~~ ,i=~~e, .

the fraction of GI tract activity entering 5100d,

the instantaneous activity in the body, Becquerels,

-1
the atom ingestion rate, acorns day ,

the fraction of atoms entering blood deposited in compartment i,

uptake interval, day,

-1
instantaneous urine activity concentration, Becquerels liter ,

-1
male urine excretion rate, liters day ,

female urine excretion

quality factor,

disintegrations due to

val, Becquerel days,

disintegrations due to

Becquerel days,

the dose equivalent to

the dose equivalent to

the dose equivalent to

the dose equivalent to

-1
rate, liters day ,

90
Sr remaining in body following uptake iater-

90
Sr in the 5ody during uptake interval,

red marrow during uptake interval, mrem,

bone duri~g uptake interval, mrem,

red marrow post uptake, mrem,

bone post uptake, mrem,

the absorbed dose to red marrow ?er disintegration of 90
Sr in cortical

-1
bone, rads dis ,

the absorbed dose to red marrow per disintegration of
90
Sr in

-1
trabecular bone, rads dis ,

the absorbed dose to red marrow ;er disintegration of 90
Y in cortical

-1
bone, rads dis ,

the absorbed dose to red marrow ?er disintegration of
90

Y in trabecular

-1
bone, rads dis ,

26



: = the absorbed dcse to bone ?er disintegration J: 9°Sr in cortical bone,-/4

-1
racisdis ,

‘5 E
the absorbed dose to bone per disintegration 90

Sr in trabecuiar bone,

-1
rads dis ,

‘6 = the absorbed dose to bone per disintegration of 90
Y in cortical bone,

-1
rads dis ,

‘7 5
the absorbed dose to bone per disintegration of 90

Y in trabecular bone,

-1rads dis .

EQUATIONS

dNi

F
=-(A+Ki)Ni+ p.,

1

Ni=Noe ‘(~ + Ki)t ‘i ~l#x+K.)t
L ‘m 1 ),

1

qi = AN. ,
1

Ei = KiNi~,

Uum
Ap = r‘1’1 ~l-e-(A+K )t

~ (W 1)+

‘2X2
~ (1-e-(A+K2)t) +

2

(1)

(2)

(3)

(4)

(5)
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f’“’-

H
x ‘4 S3~X107DQ(S+S+S +S),

: 234

~H=4.32X 107 DQ(S5+S6 +S7 ~+s),

<
=4.32 X 107 DCQ (S1 + S2 + S

3
+ S4),

H:N = 4.32 X 107 DCQ (S5 + S6 + S +s),
73

Values for Constants

e Value

‘1 3.33 x @ ~-1

K
2

‘3

‘1

X2

f
u

‘1

Um

Uf

Q

2.27 X 10-2 d-l

2.5 X 10-4 d-l

0073

0.10

0.17

6.54 x 10-5 d-l

0.85

0.20

1.4 ~ d-l

1.()~ d-l

1.0

(g)

(lo)

(11)

(12)

Reference

W. S. Snyder, M. J. Cook and

M. R. Ford, Health Physics,

10, 171 (1964).

11

II

11

89

11

lzth Edition, Chart of the

Nuclides (1977).

ICRP 10 (1967).

ICRP 73/C2-34; ICRP 20 (1972).

ICRP Reference Man

ICR.P Reference Man

NCRP



‘1

‘2

‘3

‘4

‘5

‘6

‘7

‘8

9.8 x 10-15

7.3 x 10-13

2.5 X 10
-13

4.3 x 10-12

6.3 X 10-13

4.1 x 10
-13

3.0 x 10-12

1.7 x 10-L2

rads

rads

rads

rads

rads

rads

rads

rads

dis
-1

d is
-1

dis
-1

dis
-1

dis
-1

dis
-1

dis
-1

dis
-1

‘mu

}11~

MN)

MIRD

MIm

HIRD

mm

MIRD

11

lL

11

11

11

11

11

11

--
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Symbols, constants and equations used to calculate the
137c~

,.. 137m3a

total body dose equivalent during tbe uptake interval and the committed dose

eauivalenc

The following definitions, symbols, constants and equations describe the

machexnatical model used to calculate the dose equivalent and the committed dose

equivalent. Intermediate steps can be used to determine urine activity concen-

trations or daily ingestion rates. The equations were developed with the

assumption that the body burden as detemniaed from whole body counting, would be

the measured quantity from the bioassay program. Three intervals of

monotonically increasing, but constant and continuous uptake throughout an

interval were assumed. Consequently, the

orier to obtain the total dose equivalent

137
Cs, the uptake interval corresponds to

equations must be repeated 3 times. in

during the uptake interval. For

the number of days out of the resi-

( cience period that an individual maintained the proposed daily activity ingestion

rate.

?fathematical Model

Symbols, Definitions and Units of Physical Quantities

v; ~L. the number of atoms of species of concern present at time zero in

compartment i, atoms,

xi 5 the instantaneous number of atoms of species of concern ?resent at ttie

t in compartment i, atoms,

-1Pi E atom intake rate into compartment i from blood, atoms day ,

K. z the instantaneous fraction of atcms removed from compartment i per unit
L

-1
time by physiological mechanisms, day ,
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i

qi

“Ei

f
u

‘1

q

q“

P

xi

t

Q

‘c

M

D

‘RB

~B

x!
1

s

the instantaneous fraction :i atons removed izom compartaext i per ~ni:

time by radiological mechanisms, day-l,

the instantaneous activity in compartment i at time t, 3ecquerels,

the instantaneous activity excretion rate from compartment i at time t,

-1Becquerels day ,

.
the fraction of body activity excreted in urine,

the fraction of GI trace activity entering blood,

the instantaneous activity in the body, Becquerels,

the initial activity in the body, Becquerelsj

-1the atom irigestion rate, atoms day ,

the fraction of atoms entering blood deposited in compar~ent i,

= u?take interval, day,

Z quality factor,

= cmmnitted disintegrations due to

uptake interval, Becquerel days,

= mass of individual, kg,

.a-

137
Cs remaining in body following

z disintegrations due to ‘JiCs in the body during uptake interval,

Becquerel days,

= the dose equivalent to the total 3ody during the uptake intezval, mRem,

= the dose equivalent to the total body post uptake interval, mRem,

= the fraction of radioactive atoms in the total body remaining in com-

partment i at the end of the uptake interval,

= the absorbed dose to the total ‘body per disintegration of i37 ~s-137m3a

-1
in the total body, rads dis ,
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dNi
— = (A+Ki)Ni + p.,
dt 1

qi = AN. ,
1

Ei = K.N.~.
111

x2f1

~ (1-e-(K3+A)t)j +

APxifl

‘==- #t-

APx2fl ,

K2+A ‘t - “-e;:::K2)t))

(1)

(2)

(3)

(5)

(7)
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..-.
“s.a ---- Sor Ccnstants

‘sVmbol Value

‘2

‘1

X2

‘i

0.7 d-l

0.006 d-l

0.15

0.85

0.002

0.998

6.33 X 10-5 d-l

fl 1*O

Q 1.0

s 1.05 x 10
-13 -1

rads dis

Iteference

IciiP

ICR.P10

ICRP 10

ICRP 10

Uptake interval zz 140 days

Uptake interval >> 140 days

Nuclear data tables

ICRP 10

ICRP 26

?iIm 11

(
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Table 1

Pooled

Year of

Collection

1970

1970

1970

1970

1971

1971

1971

1971

1972

1973

1974

1975

1975

1976

1977

1978

1979

1979

1980,

90 137c~or Mean Urine ~ctivity Cancsntration for Sr and

90~r

Urine Cone
pCi/L

1.2

1.3

2*2

1.9

0.96

0.89

1.2

3.9

4.2

6.7

2.3

7.3

3.1

5.3

3.9

6.1

2.6

2.8

NA

137c~

Urine Cone
nCi/2

0.10

0.13

o,z~

0.20

0.21

0.11

0.91

1.3

1.3

1.8

1.3

2.2

7.7

14 ●

1.3

.87

NA

Couanent

3640 ml - pooled

3365 ml - poo led

1100 ml - pooled

930 ml - poo led

3920 ml - pooled

2960 ml - pooled

3300 ml - pooled

500 ml - pooled

2700 ml - pooled

mean of 14 people

mean of 21 people

pooled

pooled

mean of 26 people

mean of 4 people

mean of 35 people

January, mean of 50 peopie

?lay, mean of 40 people

August

3A = Not Analyzed
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Table 2 (Cent’d)

191) 1918)9)3—.
906r 131ca

Urine Urine
Cone. COrrc .

pg~ nCi/t

1914.— 1976 1919 - Jan. 1919 - nay

90~c Illc.

Urine Urine
Cone. colic .
pcilt nCi/t——

1980 - ~>-.—
90~,. I 17C*

UI ine UI ine
Cone . (hoc .
~ nCiiL—.- -

90~r

III inti

(hlc .

pgi/1—

3.0

i3)ca

Urine

COrlc .

nCi/t

0.60

131G.

Urine

Cone.

nCi/t

2.8 t
0.2

908r 131C, w3~r

Urine Urine Urine

Cone. Cone. COIlc .

E!WL .—nCi/t pCi/t

12 :
1.2

).6 t
0.91

M

137ca

III ine

COnc.

nCi/k.—

NA

M

i6 i

0.44

90~r

Urine

Cone.

kCi/t

13?C,

Urine

COnc.

nCijl.—ID +—.

6033

6018

6069 ●

606a 2.9 t
1.6

2.3 :
0.13

12 i
2.)

10 i
1.3

9.1 :
0.31

u

31 i
0.61

Nh

2.li (J.29t

0.2 0.06

2.0 t
0.09

606 ) 5.6f 1.9 i
0.6 0.2

o.54t
0.25

3.1 t
1.2

5.2 i
0.10

2.7 t
0.1?

o.51t
0.95

4.6 ~
2.0

606 ) 2.8t 1.0t
0.4 0.2

6011 6.2 0.90 1.4 i

0.13

6019 i.bt 1.1 i
0.2 0,2

6001 4.llt 2.9 k
O.M 0.2

0.56i 4.1 i

0.01 0.21

/--



Thble 2 (Cent’d)

1913 1974.—.—. .-. —.-— __ _____

90
Sr

Illc, 9osr 137C.

Urine Urine UI iue Urine
C(NIC . Cone . Came. Cone.

pcifl nCi/1—.. . p~l.f nCi/1——

<(3.2 1.5

19J6—. —..-._ -. ..__

90
Sr

131C,

Ur i ne Urine
CMC . Coilc .
@/l nCi/k-- ----

19)1 11)18
—-—— ____ ._ ._. _ ___ ----- ____

90~r
‘37ca

90s’ 131c@

Urine tlr ine III ine Urine
COnc. cone . COIIC . Cone.
ECi/t nCi/k.— IQ! !. __ _-uC i/t

1919 - Jun. 19?9 - ttdy IYM - A,,. .——_______ —---— ._— _ .__. ____ __. . _-

90~c

brine

Cone.

lw.L

1.3 i

0.62

O.?lt

0.52

o.55t

1.0

o.3)i

0.80

2.5 t

1.0

1.4 t

0.59

90
Sr

Urine

Cone .
Urine Urirw 111I I&e

Cone. tknc . C(.llbc.

nCi/1 ~i/t nLi/L
—. . .— ____ _

ID #—— ___

6013

6005

pci/1

2.0 1 6.9 i

1.3 0.26
-1.2 i

16

1.3 i
0.0!,5

6000 S.st 1.7 t
1.4 0.2

!I.5i 0.9 i
0.4 0.2

6006 5.4 0.50 4.6 1.2 9.6 i lb 1

1.6 0.40
2.9 t

0.17
5.9 t

1.3
2.1 i
0.095

b07i* M lb t

0.44

4.5 t
0.21

6016 1.2t 1.2 i
tI.2 0.2

0.93! la i
2.0 ().4J

6.2 i
().25

2.5 0.50 NA 16 ~
Q .1,.$

813 NA 1.8 2.9 t

0.11

611a 3.5 t

0.085

0.61t
1.1

0.46 t

0.076

6126 /4. ]1 3.2 i
0.4 0.2



III #

6003

6117

6128

612S

6M 1

6066

864

966

6135

1973 1914 1916——. . .—-— — _.— . _____ ____ __________

90~r 131c, 90SC t3?c, 90~r

Uc i ne Ur ine Urine Urine UI int
Crmc . COnc. Corrc . COnc. Collc .

~~ _nCi/t ~ nCilt pCi&

4.3t
0.6

3.3i

0.4

137C.

Ur ine

Couc .

nCi/C

1.9 i
0.2

2.1 i
0.2

19??- ——

90~r

Urine

Con c .

pCi/t

<0.62

4.2 t
2.0

4.1 t
1.5

Illco

Urine

colic .

Ocifk——

M

M

8.3

13 i 5.1 i NA 12

1.4 0,2

6.8i - 6.6 i 16
0.6 1.8

19)U_ —________

9osr

Urine

Cone.

pglk -—

9.8 i
1.9

8.4 t
1.0

23.0 t
6.0

1.2 :
0.64

4.8 i
1.1

13)C,

Urine

Cone .

nCi/1———

11 i

0.41

NA

5.1 t
0.23

M

10 i
0.32

19)9 - J(i II.. ..—.— -----

90~’

Urine

Cone .

@i/t

1.4 i
0.51

0.37*
0.41

1.2 i
0.69

o.04t
0.68

1.5 i
1)

137C*

Ur i ble

con c .

nCi/f,—-—

4.1 *
0.21

1.5 i
0.13

1.4 i
0.12

8.0 t
0.29

1.3 i
0.16

1919 - nly————. _

131r*

UK ine
Cwrc .

nCi&—-

2.3 t

0.16

1.1 i
0.059

19U0 - lh~: _.—— -..

905r 137C,

Ur ine Urine

Cone. Cane .

pcm/& *~i/&

2.4 i
0.88

NA

.’



Table 2 (Cotit’d)

1913 19)4—. —-. _____ ______ _____

90~. 137C, !MJsr 131C.

Uc ine Urine Urine Urine
Cone . Cone . COtlc . Cone .

ID # ~Ci/1 nCi/h————. _ _ ~ nCi/&

6096

6if(J2

6161

6166

6181i

6210

6190

6205

6211

6210

6219

2.2 0.60

3.2 1.7

19T6—.- ---- ._ _

9osr

Urine

CVnc .

@!~

I.li

0.2

131C,

Urine
Cnnc .

nCi/k.-. —

0.9 i
0.2

2.ot 3.0 t
0.2 0.2

1911———. — —.

90~r 137C0

Ur ine Ifrine
Cunc. Corrc .

pgll nCi/1— —.-—

I’JIII 1979 .Jdn.

90
Sr

131C, 90~r 137c@

Urine UC ine UT ine Urine
Cone. Collc . colic . Cunc.
p~g t nCi/fi— —-—- &i/t nCi/t

4.3 t 6. Itot 4.0 *
1.6 f3.25 0.>2 0.20

1.1 i NA
0.39

}979 tf al.-—. _

90~r 13)C,

iir ine UI ine

Cone. Cone .

rw!_ _@u_

1,1 i 2.1 1
1.1 0.15

0.86* 0.31 i
0.40 0.030

●

1).29i W o.39i Nit
0.52 0.9

(3.22i 0.10 i 2.8 t o.099i
0.53 0.04!3 3.0 0.03?

0? t.4 i

1.95 0.12

0.4 i ND

1.6

i.> i ND

5.3

0.9 i Nll

2.5

3.8 i NfJ

5.4

1980 - Auk.—-. —__ ___

!lUsr 131L,

Urine Ill i ne
CMc . Col)c .
pc!!~ nci/I--- .—

.’



ID #— ——

6220

6221

6136

6138

6153

6168

6180

6182

60

IS*W

Steve

1’+?3—..—

90~r 131c,

Uri Oe Urine
Cone . Cone .
~g nCijt

19)4

90Sr
Illc,

Uline Urine

Cone . COnc.

~ nCi/k

1916.—. .—

90~r 137cm

Urine Urine

COnc . COOc .

pcil~ nCi Jt

Table 2 (Conc”d)

IY)l lYltJ —* . ..—.Idn.--— — --.—— _

90
Sr

137C, 90~, 131c@
90Sr

Urine Urine Urine Uiine Urine
Cone. Con c . Cone . Cone . COnc.
pCi/1 nCi/k &/i nCi/1—. - — .---—. ~ilt

MA

NA

1.3

7.8

2.9 i

1.6

o.25t
0.41

Oi
1.6

1.3 t
0.53

0.36t
0.39

inc.
Urine

Cone .

nCi/1.—

0.019
0.043

2.6 t

0.66

0.11 t

0.043

0.16 t
0.041

>.2 *

0.19

19)9 - n.~—— —.
90~r

Urine
Cone .
@i/t

0.25t

1.3

-.o6

1.0

-0.06t

1.6

3,) ~

5.6

13?C,

Urine
Cone .

nCiJt——

NO

No

ND

110

1y8(, AtI&:_

w)~r 137C,

Urine Urine
Cone . Con<.

~g~ __nCi/1
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.—

6122

6123

6059

6063

6032*

6185

6108

6206

6113

6065

1913———- . . .—

90~r Illc,

Urine Urine
Cone . Cane.

pc.c _nCi/k

1974

90~r I Jlca

Urine UI int
Cone. COII c .

~ nCi/R———

TAble 3 (Cent’d)

1916 19)8——. .— . —_- .— ___

90~r 131c* 90~r

UL ine Urine Urine
Cone . Cone. Cunc.

~i/1pCi_/~ ncg~ _

3.8i

2.4

4.8t
2.2

1.5 i 1.6 i
0.4 0.2

I ))c,

Urine
Ctinc .

nCi/t——

8.9i

0.40

1.6t

0.29

19)9 - JIIU.. ..-. ——. ..—

9u~r 131c,

Urine Ur ine
Ccmc . Cone .

pQj~ nCw/~

Ot l.] i

0.54 0.12

3.B t 5.(3 t
2.3 0.23

1919 - Hay—-—.

9osr I )lC,

Urine Ur ine
Cone. Crrnc.
&i/t nCi/t. ——

].8i 0.66 i

1.4 0.089

2.ot 16i Ol 2.8 t 7.> i 0.61 1
.91 0.44 0.51 (3.11 3.4 0.069

0.26i ~.01,6t

0.99 0.015

1.6 i 0.9 t 4.5i 7.ot 2.3 t 4.8i

1.8 0.2 2.9 0.21 0.8’4 0.23

-0.06i ND’
1.2

2.13t tt.li 4.5 t 2.6 t 0.8 I

1.2

0.51 i

0.26 5.4 0.18 1.0 0.083

13 i 3.6t 2.4 f 2.8 t
2.0 0.19 2,4 0.23



“rabll?

13) #

6091 ●

6109*

6046

6098

6060

6222

6110

525

6064 ●

6061

1913

90~r I)7C,

Urine Urine
Collc . Cone.
-L nCi/k

1914——.. —

90~r 137
co

Urine th ine
Cone . Cone .

-k nCi/t

1916

90~r 137ca

Urine Urine

Cone . Cone.

3 (Cent’d)

1918———

90~r

Urine
Cone .

~:

NA

M

5.6t

1.2

13?C,

Urine
Cone .

nCi/k.—

16 t

0.44

16 :
0.44

13 t
0.3)

1919 .Iall.——.

Yosr Illc,

Urine Urine
Cone. COW .
~i/1 nCi/k—.- —

0.38 ~ 0.33
0.98 0.064

0.71 t 0.69:

0.69 0.20

191’) - Hay 1980 - AIIR. —

90~r

Urine
Cone .

pCilk

o.81~
1.1

1.9 t

1.3

1.9 i

1.3

1.2 t 1.7 t 1.9 i

0.82 0.20 1.4

0.581
1.3

4.4 i

1.8

2.2t M 3.7 *

0.82 1.6

M 16 i 0.91 t 2.0 i 2.7 i

0.44 0.43 0.066 0.91

4.6t 14 i
0.91 0.38

137C* 90~r IJIC,

Urine Urine Urine
Cone. Cone . COnc .

nCift @~ nCi/t——-

0.83 t
0.091

0.11 i
0.043

O.lli
0.043

0.>9 f
0.085

ND

0.61 +

0.088

0.11 *
0.059

1.8 i
0.088



ID #——

605 I

934

6062

6015

6115

6034*

865

60364

6131

6139

1911———

90~r lllcm

Urine Urine
Cone . cone .

-1 nCi/k.—

191fl——.—. -----

90~r IJTC,

Urime IJtine
Cone . COnc .

pci/~ fi~t

--m,

1

Table 3 (Contcti)

1916- -—.—.

905.

Urine
Cone .

pCi/k

5.4 t

0.4

5.1 t
23.8

‘31C*
Urine

Cone .

nCi/L

MA

3.2 i
0.2

4.0 i 1.4 i

0..4 0.1

197n.-. ——— ——

90~r

UIine

Cone .

~

a.2t

1.4

9.91

2.0

6.Ot

2.3

137C.

UI ine

COnc.

nCi/t— .-.

MA

14 i

0.31

10 t

0.31

lb *
0.44

1919 - .Ian.————-—.

90~1 131C*

Urine Urine
Cone . Cone.

fil: _nCi/t

4.3 1 2.1 t

2.9 0.13

0.61 t 4.2 t
1.0 0.21

0.31 i o.3tlt

0.81 0.1)

1.1 i Nu

12.3

1979 -* 1980 - A\,~.—-— .—— .— -.—. — —-

90~c

01ine

COnc.

E!LL

o.99i
0.84

2.6 t

1.5

10 t
4.1

Urine Urine Urine

Cone. Cunc . Cnnc.

nCi/t pci~k nCill—. —---

o.2ot
0.034

2.1 i

0.16

1.5 t
0.13

1.4 i 0.71 ~
1.1 0.059

/



TArle 3 (Ctmt’d)

1911 19)6 1976 1918 19~9 --— -..— — -..——. -—. — —..— —-———

90~r 13?C, 90~r ‘“c@ g“sr
137c# 90~r 117C. 90~r

Urine Urine Urine Urine Urine Urine Urine Urine Ut ine

Cone . Cnnc . cone . Crrnc . Cone . Con c. Cone . Cone . colic .

~_ ncifk &t ~&~fi/4~~ JrCrc

1919 - n-y 1’)80 AuhL_—.—— —.——

90SC 137C. 90~r lIIC.

Urine Urine Ill ine Urine

colic . Corrc. Crmc. Cone .

M& nCilt pfiti !lWt

JeII..—

131C,

Urine

Cnnc .

*ID #—

6140

6144

6i412

6151

O.lli

0.11

o. fJ2t

0.76

o.13t

0.050

o.33i

0.13

o.13i

0.051

o.22t

0.98

0.10 i

0.050

3.1 t
1.5

0.96i
0.11

1.9 i
0.091

2.1 t

2.5

No -0.35

1.2

No6152

6155

6159

6160

6163

6165

1.4 t o.5ot
0.6 0.10

0-.02 i
0.94

1.7 i
0.13

2.5 i

0.16

3.9 t

1.2

o.o!i9t
0.011

2.4 i 1.2 t
0.2 0.2

O.lli
0.23

o.13i
0.022

5.1 t
0.95

2.8 t
0.11

O.llt
0.81

0.33 i

0.066

0.38t

0.42
0.16t

0.054

o.85i
0.89

o.075i
0.011
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Tuble 4 (G!it’d)

1978 .11111. 1919-—.—— . .. ..— . . . H,ly 1919 Alt~lltil l’)~g ___—.. —-. —— —-— .-— —--- ..—. — ..-— —. ---

90 I )7,,”
St

90~r I)lcti 90 13/ti, !N)~,. lJ/ca
s 1-

11) 9 SC* _~$i/L n{: i /t JQ/t nCi/1———. — ——. . — ——— _..L’Q& _ _ nCi/1————- .—— –IQIE – — !!’: !!!...

N i @ 29 30 )3 1.1

6129 F o.4Ji4.3 3.2 10.24

609 I F

6113 ?

6048 F

6212 F

S~mple Size

HOII1l

Sld DCV

l.llw

N i gh

I I

6.41 3.2

11 i 14

5.5 i 2.0

-0.11!10

-o.l)4i 1.5

4

5.i,

8.0

(1.11

11

o.57io.11

Nlt

0.18 10.13

NO

2

0.38

0.28

o.in

0.51



Body Burdens & Dose Assessm’t for Bikini Is. Residents-Draft



2RAI’T- %Z:5 .:, .SSi

Sady 3uraens and Dose Assessment ior 3i”&ini island Residents - 1969-L980

Editors

Robert P. Miltenberger and Zdward T. Lessard

Contributors

Jo9eph Balsamo, Stanton Cohn,* Evelym Craighead, Florence Cua,

Nathanial Greenhouse, Allen Hunt, Allen Kuehner, Sheldom Johnson,

Edward Lessard, Gerry Levine, Robert !4iltenberger,Anant !borthy,

Jan Naidu, Nancy Rivera, Joseph Steimers and Karen Facts+

Saiety and Environmental ?rotection Division, 3rooknaven National Laboratory

~edical Department, arooknaven National Laboratory;?

137
Cs and

90
Sr body burden measurements were

5ikini Atoll from 1970 to 1980. During this t’ime,

den

ing

137

conducted on the residents oi

the mean adult 90Sr body bur-

rose to 78 3q while the nean adult ‘A’CS body burden rose to 78 kSq. Follow-

the departure of the residents from Bikini Atoll, body buraen measurements

were conducted in January and Xay 1979 and August 1980 to deteaine the slinina-

tion rate of
137

Cs and
90

Sr for the Mars’nallese ?opulation. Using these data,

the dose equivalents during and post the residence period on aikini ~tcli

(committed dose equivalent) have been calculated. TSe mean adult total body

dose equivalent from internal and external sources of radiation was approxi-

mately 10 mSv (1000 mRem), The mean adult total 5ody committed dose equivalent

was 11 mSv (1100 mRem).

~~~<ODUC~lON

Bikini Atoll was one area used by the U.S. government EO test nuciear

weapons from 1946 to 195~. Prior to coumneccement of the testing program, ail

1



Table 5

Urine Activity Concencyations far Former Children

Residents of Bikini Atoll - 1979, 1980

!4av 1979

90~r 137CS

oCi/E nCi/k

3.9 t 1.5 x.!).

August 1980

~g ?)

6172

6156

6009

6012

6014

Sex

M

M

M

!4

2.7 t 1.3 N.D.

6.8 5 3.8 0.15 ~.052

11 k 3.4 0.31 tO.060

Y 3.5 5 2.2 0.09320.030

5043

6202

5208

22 223 x.D.

6.8 2 9.4 o.071to.049

l’! -.43t i.1 N.D.

8Sample Size ~

0.16

0.11

0.071

0.31

Mean 7.0

Stnd. Dev. 6.9

Low -0.43

High

6203

22

F

F

F

F

-.32315 N.D.

1.0 ~o.11

?J.D.

N.D.

5204 -.222 1.7

6213

6217 -.08.3 3.7

1

1.0

Sample Size 4

?fe an +3.19

(



-.

ID 4

Send. Dev.

Low

Hi3h

Sex

~aD~e j (Cent’d)

Ylav 1979

90~r i37
Cs

nCi/~

.10

-0.33

-0.08
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Sunmary of System Efficiency ana .YDLS for Field WBC Syst~

Nuclide Enerqv -‘fficiencv !4DL Time
137c~

662 K2v 8.7 X 10-3 37 Ilq (1 nCi) 900 sec

60C0
1173 &
1334 KeV 6.7 X 10-3 37 Bq (1 nCi) 900 sec

40Y
1460 KeV 7.0 x 10

-3
222 Bq (6 nci) 900 sec
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Auqust 1’380

&

45

137c~ Potassim
UCi Grams

2.5x10-3 9
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ttd-
icdl

11)——

6045

61t2
6Jlfr
frill
6122
6123
6059
60b 1
6012

6124
6108
6058

6113

6065
bo!l)
61{J9

6046
6098

60L0

6016

6110
525

60bfr

6{KI 1
605 I

9 M

boh 2

6035

6115

6034
865

‘Idblc 10

ffo~ ffllrd.hn lL!la It,, Iletlicai Iy lk~ielelud AI II III— .—. —- .._ _ — — _________ _______ .__-. .

14)/4’—.—- -----
Utiighc

i It Yelrro 1’01 8n -

Kilo- Age
137

1)11 aiw Cn

Qdla8 (Y1) filki,~i ~ldws p(;i_— —.-. —

8’2
Iw
54
84
13
11
45
49
b~

53

86
66

54

52

53
50

tfli

6050 62

61 fI))Vk 60

61591~4 Ill

614Afi 94
6I6”I105 fur

6151J 82

_.-— —

2tf

35
32
32

10

>0

l!)

24
32

Sr
24
It)

25

19
19

15
4~

16

22

2?

32

3)

30

J/

19

4’5

21

20
43
46
45
22

0.15
1
0.15
0.5

10
4
I
1,

3
0.50
4
s

4
4
4
fr
1.75
3
2
0.34
8
().75
1
b

5

6

4

6

)

)

)

2

1

4

3

2

50424.

94

94
106

lf6

Ill

95
lo2
59

lf9
I 24
60

0.033

0.02Y
0.011

0.036

0.11

().058
0.12
0.018

0.{)30
f). o]l

f). ola

19112 1978_. —_____ .— ~— —---- -------

10/

fl’).6

9b.4

‘Jti.f)
bli. tl

91.1

101
~n.y

110
4/, . ~

‘) 1.4

95.9

98.8

96.11

11)

Ms.!)

93. ?
U(J.4

112

1/,2

11)2

1.53

0. )99
I.lfn

O. ?06
().69()

f).534
0.734
0.46ft
0.62t
o.n33
0. ?06

.

0.545
2.23
0.840
0.513
1.15
0.99s
0.558
1.14

0.510
1).911

95
96
)9

I 00
86
99
80
UI

100
11
91
92
91
91
90
88

100
93
81
73
94

106
03
81
8ti

110
)9

100

80

92

)8

61

1.19
2.18
1.40
2.11
3.20
3.81
1.33
3.16
5.49
1.27
2.48
fr. b]

2.3J
2.19

2.15
1.49
3.81
2.38
2.00
1.54
3.98
2.96

2.55
3.trz

2.25

10.8

2.53
4.94

4.16

6.92
1.10

3.42

1.15
1.76
o. Aflff

1.31
1.34

1.41
0.861

1.52

3.07

0.957
0.}29

2.nlf

1.01
1.06

1.21
0.411

2.10

.891

1.39

1.53

1.5Lf

2.36
0.901

2.22

1.44

5.48

1.44
2.lfl

2.28
3.n9

1.31
I .t,(l

Ft,UI.tli-b Iltilocaled froru Mikimi Atoll——___ .. —------ ______ _______

.14111~ 19?9 Hy 19J9 AtgysL l’)—-—. ,______ ___ -———. —________

Yt)l &rm-
*i*4bm

L!.!!!!!!!..

94
102
10?
93

126

94

10/
96
95

106

66

105

I(NJ

64

92
115
W

136
B1

bO(.o I 37CU
PIrtua - l’o[a O-

aitlm bo~,, 13)CM Si, m 60,:,,

n{; i il(:i ~rdud nC I p(. i ,.
—-_ —__ -- —--- ----- &l dills :{:!. _

1.6

1.2
1.9
2.5

1.7

I .6

1.1
1.1
I .0

1.2

1.6

2.3
1.8

o.9ff
0.12

0.53
0.31
0.62

0.77

0.53

0.30
0.36

0.34
0.060

0.4)

0.18

0.42

0.65

0.48

0.015

0.028

0.017
0.061

0.121

llb*

118

90
97

109

107

lf6
116
104

92
115

110
109
88

83
104
I 00

95
104
82

97
125
!)6

?7

.1

.0

.2

2.1

2.0

1.0

0.015*
AJ.46

0.11
0.25

0.26

O.ii

0.16
O.oln
0.36
0.18
0.059

0.11
0.32
0.22

0.045
()./,&

0. (MMJ

0.1?
0.15
0.13

o.tfo79
0.012
0.015

0.059

I 10
109

119

9fl
104
105

93
85

112

91
112
99
92
fla

I(JI

116
WI
8)

92
I f)tf
i))

93
nb

B9
88

12?

96

i.J

).4

1.2
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‘rabl,! 12

Iluily lhIrIl*.11 Ihil.i I,lr }ldicd~ ll,~inlu!!d (%illl!clt II UIIM.. IIU1 frum Hikini Atoll—.— —.. — —.. . ---- ._— _ ----- __________ ---- .-

191B. —---- . . .. . . . . . . Lmll.,,1 1’)/9 __!!w!?L._. _wi!u!.!w!

l’i,ldb -

s i M*

Ii! Y!.!l_

43

NC
)2

46

34

I j?,:ti

11(: i-.e —

.01)10

,0032

.0025

. 01) 14

. 04)(VJ

(Y, ) Bikini-————. .

tialen——

M)()!J

6(I49
6042
6014
6012
6023
6016
60 I 3
6fIJi~
bl)2!J

bion*
(1021 &

6020

6107*

6(314*

6116*

Fcl*a 1e u.-— —.

60Y4

6(392

6080

tlolo

flo M

t)tn!i
6103

602fl

ho 30

61)2 1
604k
6025
bl)ti i

LI06
b(l?8*

6ft81t●

Mtw
6101
6056*
6{}57
60 J!)*

20
23

23

20

24

2M

21

Itl

20
20

17

19

20

15
20

14

“44

29

34

29

21

22

25
34

22

18

21

26
z?

11
15
25

19
1?

26
I(J

6
n
i
5
7
t!

t n
5
5
6
5
5
6
5
5
>

10
1!
1
ti
6

5

9

1
I o

6

II

5

9

6

5
>
6

6
6

)
5

4
2
0.25
1.34
1
f!
1
2
3
5
4.3
4.3
2
4.’J
4.3
3

6
6
0. W
1
2
3
3
5
3
3
5
3
0.67

3

4.3
5
5.1
4.3
1
3

36

4)

43

41

41

52
53

“11

0.98

2.)

1.0

1.7

l.?

,i.7

2.5

1.3

1.26
1.71
I .07
1.50
1.2?
1.28
1.43
1.00

59

69
63

O.lb

51

35

25
24 .

II. 04b 51
0.056 37

0.O16 40
.009 25

0.007

0.012
0,022

0.039

0.(M128

0.0047

().1)15
0.0062
0.()[)74

0,00?6

88
59

46
58

71
62

37
48

43

49

3n

31

33

51
52
x)
56
42
II

48
51
y,
“16
J!I

44
69
J~

2.3

2.8

1.8

1.3

1.2

1.4

1.4
3.0

5.6
6.4
0.91

2.02

2.25

0.543

1.41

I.(KI

0.961

1.40

1.26
2.3tl \

1.[6
1.15
I .03

i.n2

n.622

m

65

0.17

0.053

.0021

. no I 9

.0046

.()(11 1
.(loln

71

53
51
99
75
63
56

29 o.no74

49

in

0.015
0.064“J4

5tf

4!J

37
2Lt

0.26
0.041

0.13

0.0)7
o.nll’)o

36
61

44

33

31

15
49
6b

O. 0L)b2

0.028

0,013

0. (MJ30
0.0049

0.01169
n, nn?4
o. (N)5tl

52

53

47

36
41
)3

31

.
i2
w

0.051
0.046

/-+.
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Comparison of Observed
‘e’ersus ::mecc~d Reduction Factors

# of Yean ?educzion
Description Persons Factor

Expected Reduction Factor for .AdultMales (1) NA 2.4

Observed Reduccion Factor for Adult Bikini Xales 17 2.3

Expected Reduction Factor for Adult Females (2)
NA 3.5

Observed Reduction Factor for Adult Bikini Females 16 3.8

Expected Reduction Factor for Children Ages 5-14 (2)
HA 5.9

Observed Reduction Factor for Children Ages 5-14 12 12.

NA = Data Not Available

(1) Effective half time oO&ained from ICRp publication 10A (ICRp 71)0

(2) Effective half time obtained from NCR? Report 52 (NCRP 77).



,.

JD#___

863

6061

6066

601)

6019

6001

6013

6fff)5

6008

6086

6071

6076

611fl

6117

6126

6125

6001

61’lf3

!)t16

bfy)fj

6161

616b

-.,

Table i>
137

Cs lJiol(,~ic61 Rtimoval Rate Cottecd!ltti for hrnhalleue Adu]L Male.—.— ..-———.._._ — ..—.—.

‘ 37C9
pcj.—

1.1

1.0

.68

.52

. y)

.??

.12

.16

1.1

.66

.93

2.4

. ?5

.90

.92

.3)

.32

1.5

.48

1.3

.)l)9

.011

137C,

_@—

8.6x10-2

.63

.45

4.ZJIIO-2

6.8x10-3

5.5x10-2

1.6K10-1

7.8110-3

l.fJxlo-J

.40

5.81110-2

1.5xlo-~

.41

.44

4.2x10-2

2. 11110-2

1.81110-2

.91

2. 1110-2

.70

.048

.011

137ca

_~i

8.81K)0-2

2.9M10-2

2.em]o--7

2.21110-2

6.5x10-2

5.3XI0-2

2.f3nlo-”3

~! I
——

4.7X1O-3

4.0s10-3

NA

6.2x10-3

NA

5.flNlo-3

MA

HA

4.7X1O-3

6.7x10-3

5.2x10-3

5.OXIO-3

5.3XI0-3

6.3x10-3

5.9XI0-3

7.4xlo-3

6.3x10-3

3.f3xio-3

8.3110-3

5.4XI0-3

?.4XI0-3

7.3alo””3

K
~-1

4.5XI0-3

6.7x10-3

6.6x10-3

1.6x10-3

5.IJXIO-3

6.01110-3

NA

~: I
——_

k.6a10-3

6.7x10-3

6.9x10-3

1.9X10-3

6,4x10-3

6.21110-J

NA



IDt—

6184

6210

6190

6223

6226

6151

6168

61110

61s2

Table IS (Cont”d)
i 37

Cs BiOlOfQcdl Rumoval Rate (hnataotm for Mard,alleac AJuIc Malea (Cnnt”d)-—e ..—. —.—— ——. .—..——

131c”

Ilci——

.067

.290

6.0xIO-3

99XI0-3

Hnl.

5.13KI0-3

2.4x1f)-3

14KI0-3

1220XI0-3

13TC,

--lQ__

.025

2.9110-2

7. III1O-3

1.51110-2

4.4s10-3

5.4XI0-3

MI)L

5.9MI0-3

620x10-3

6.0mlo-3

NA

6.3110-3

HA

NA

?/11/80 ml. NA

HA

6.0XIO-3

UA NA



t

lf)l.—

6112

6114

61)1

6112

6123

6032

6108

6113

6065

6097

6109

6046

60!38

6060

6110

525

6064

6051

934

6062

6115

6(W

,~

Table 15 (Cent’d)
137

Cs Biolo&itial Rexmual Rate Conetantc for )foruhallese Adult Fe.maleo—— .—-— . ———

137c#

~i——

. W

.12

.53

.31 “

.62

.77

.53

. ~a

.36

.31

. 06(J

.36

.41

.10

.11

.32

.42

.a45

.48

. (Ml

.48

.15

137C.

_..IE!—

.46

5.5s10-3

2.IX1O-2

.11

.25

.26

2.2s10-2

. )1

8.OXIO-3

.16

.010

2.2X1(Y-2

.18

.059

8.3X1O-3

1.4110-2

.22

1.9mlo-l

2.2X1O-2

3.5X1O-3

.1?

7.5II1O-3

Illc.

–w. -–
2.3XI(J-2

5.OX1O-3

1. IXIO-2

4.4111a-3

6.4x10-3

1.7X1O-2

1.3XI0-3

3.OII1O-3

1. IX IO-2

6.8x10-3

K
~-l

.—

6.7JI10-3

8.7XI0-3

6.1XIO-3

9.1B1O-3

7.86x10-3

9.5XIO”3

6.01J110-3

t3.91110-3

e.3Klo-3

5.8X1O-J

I.2X1O-2

6.7x10-3

8.3XI0-3

9.flltlo-3

1.7xlo-3

7.9XI0-3

5.8xla-3

M

7.4 XI0-3

NA

9.21t10-3

8.9xto-3

K
d-l *? I

..— .—- _——

7.IXIO-3 ).2XI0-3

1.1%JO-2 1 .26x10-2

fl.15xlo-3 tl.211110-3

NA

9. IXIO-3 9.2alo-3

NA

NA

NA

7.5110-’3 1.9alo-3

9.6x10-3 9.IJXIIJ-3
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1nl—
Ma I tw——

6141

6131

6011

612?

6133

6015

61 la

Feualea

6129

604 B

6091

61J3

6170

6141

Date

1/23/)!)

1/23/19

1/23/19

t/22179

5/16/79

1/24/19

l/24/)9

1/22/79

5/21/79

1/24179

1/24/?9

1/24/19

IJ22119

131
Ce

~lCi

Table 15 (Cent’d)
13?

Crn Biological ffeaou~l Uste Cnnut~nt* foc ltdl~halleae Adolescent——. — —.. — .-—___

.204

.)6

.055

.2t

.Q22

.011

2.OXIO-3

.21

.Olk

.15

4.os10-3

2.8s10-3

2.?EIO-3

137ca

]Icf
—.

.015

.32

.011

.053

6.6KI0-4

.016

1.7XI0-3

.016

1.4110-3

.03)

2.2KI0-3

1 .8110-3

I.5U1O-3

Date———

7131180

8/1/80

713ift30

8/1/80

7J31J60

7f3}ftlo

137CS

IIC i——

3.5XI0-3

1.5K10-2

9.oNILt-4

3.3MI0-3

4.4xlo-3

9.lalo-4

a.9Kio-3 NA

?.6110-3 7.lXIO-3 7.lxltt-3

1.llllt)-2 NA

1.2XI0-2 NA

NA

1.4 XI0-2

NA

1.lXIO-2

NA

1.3XI0-2

HA

NA

NA

NA



Il)t—
males-----

6031

6029

6100

6021

6320

blOl

6023

6016

61!MI

6172

Few I em

6171

6157

6158

61>0

blOl

6u56

605 )

6010

(,105

D~le. ——

137CW

_l!Q___

2.81110 ”-3

4.7 X1(3-3

151tto-3

46x10-3

561r10-3

16x10-3

.16

1.1

2.OKIO-3

2.BXIO-3

11.OZIO-3

?.2s10-3

3.5110-3

4.OXIO-J

51X10-3

46x10-3

5.nxlo-3

.11

.0>3

TdIlc 15 (Cent’d)

131
Ca lli,~lt)gicnl Ittimnval Uslt Conmtanls for tiarniialleae Chi143reo—.——---- ----- —— ———. ___ —...—.—

13?ca

--l!~!L-

7.6u10-b

9.OXIO-4

6.0xIO-4

6.2x10-3

7.4XI0-3

2.OX1O-3

).5X1O-4

1.4110-3

3.4alo-3

1.9MI0-3

1.IX1O-3

3.4s10-3

1.21110-3

1.5XI0-3

6.9M10-3

7.4XI0-3

5.4X1(3-4

Z.lMIO-3

7.4&lo-3

D.xie—-+—

7/30/80

7131/80

8/1/80

8/1180

7/31)80

7/31/80

8/3/80

8/1/80

1/3oJlJo

I“J1
cm

--KQ-—

3.OXIO-4

5.o.\()-4

J.2*I(J-4

1.9XI0-3

1.OXIO-3

4.lXIO-4

6.jx10-3

9.5uln-4

3.4 XI0-4

K
~-l ~El ~K 1

——— .— —- —__

NA

NA

MA

2.OU1O-2

1.9x10-2

2.4*1(3-~

NA

1.9x10-2

NA

HA

NA”
1.5Mio-3

NA

2.OXIO-2

l.nxlo-~

HA

9.2x10-3

1.9XI0-2

NA

NA

NA

NA

NA

NA

HA

NA

NA



Table 15 (Cent’d)

13?
CO ltioln~ical Ikmoval Mate Constants for Marahallete ChilJrcn (Cent’d)—. — — .-— — .— —..— —

Illco 137c” 13?C.

11)0 Date— —— __@_— .!!!?E__ –&L__ —.Date
~$ $ dK 1

_lQ— .-.— —— .—

Felulllea (ctiilt ’J)— ..

6018 5Ji5jM .(215 )Iblltio 1.1JI1O-3

6030 1/22119 .26 5flbf19 .064 7131}80 1.8BI0-J 1.2XI0-2 1.lXIO-2 1.OXIO-2

6025 1123/19 .13 5fJ6jt9 .028 I.kxlb-z

6160 )/23/79 .(2?7 5J16119 .013 1131/80 2.7s10-4 1.7XI0-2 NA

6142 1/21179 2. 3X10-3 5J16119 I.OX1O-3 7/31/80 1.OXIO-3 MA MA

.-



Table 16

Crnprimtm of Mean l.IJII&Te,m ‘3’ (YM mica] Rem{,val ktete C,mmrdlltti for the Ft]rmer nikiiii Atoll pIJpllld Ci(,,i.— .—.. ..— —— .— .. ___ ___ —- —.—

.

Grrwp K.,l-l GrO*,p K.ll-l cloUp K. A-l
Pnpt, lation Duucripti{w

Cro,lp
Size

Anegu e
lfl’J-5/w Size IJ798180 -f—. .— Size-—-.-—- ____ _ 5f19-81tWl !lize—---__—__ -—— K.(!—..— —— -— - .—-—-

AJuIc Hale, (22-54Jd) 10 .01)61 $. IM)17 13 .0051*.000!NI— 12 .0068+.0010 35 .0062+.()(}12—

Adult Feuulea (19-7fJa) 21 . 00LM:. IM)I 6

A&lecceIILn (11-15u) 7 .OII*.(IU22

Juuenile* (5-IW) 9 .olBt.oo35

3 .0082+.001? 12 .0084+.001b 46 .0L183*.0LJ16°

i .00)J 1 .0017 9 .010:.0024

2 .0U12*.0050 3 .015:.0064 lfl .016+.004
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Table 17 (Cent’d)

~ Bur,lim l)~ta for NIM~-fleJic,slly— .———— ._ _ Re&itilerexJ Ahlt Male Prior Heoidentu i)f Bikini Atoll———— __ —. —.— —

Yrll. Yrc.
Age N~ight Ueigl,t [In off

ID 4 (J@ _(@_ _(~ !_ ~ ~~q Bikini

6223 66 1>2 65 2 Ihyll .016
ttuy 14, 15, 19?9

6224 45 I 58 55 2 Ilayo .016
mIy 14, l>, 19)9

6226 18 164 58 2 3

JUIIIIUIy——.

1919 1919
13?{:. P0tn8miaa*
Rcottlt Remult

nc i Gram—— __

-- --

— --

-- --

May——

1979 1979

137(;. lhtnnai{~
Renult Rernult

nCi (;r am——

99 127

120 146

— J37

Augutil..——

J9130 i !)00
J3 lCS POtnnaium
Rcbualc HCUIIIL

tK i (:rll,..—.—_—

15 135

-— --

4.4 152

1
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Table 19

Bow Burden l~ata for NIN) Hc{lic~-@atereJ A&.lcsc~ot# P1-ior Rerni Jents of Bikini Atoll.- —z— -- .—. _— _ —-. .—---- —. --— _ ——

JIImIar~—- —c nay —

19?!) 1919
I 17C* Potdsaium
Iletiu\t Ilcault

nC i Cra-

Aw~t—— —.— .-

1919 1!)79
137~a I’otoooiuu
Result Ilesult

Mi Ccom--- -.— ___

1980 \’JtMl
131ca Polssrniw
Result Rt!eull

nC i (;r a,,———.

Yr9.
011

Bikini-------

)

4

--

1

3

4

Yro.
off

Bikini-——

1.0

1.0

1.6?

.11

1.33

4.5

Age
(~r)-—

14

12

12

14

II

12

Ncigllt
(cm).—.

161

15/

13’)

13>

125

I 3ti

Ue i ght

(k~)——

46

II

35

4’)

25

35

ID +——

Male@

6169

61?tJ

61133

bzoo

6225

6201

1.2 I 08

Z.tt ~,L

1.0 36

-. 120

1./ 10

-- )4

110 Ill

-- 53

-- 18

--

.-
●

-- --

--

-- -- -- --

-- -- -- --

PemaI e.

6113. 13

61M 13

6162 12

6212 #k

b141 12

bllw 14

142

141t

141

151

138

146

4) 3

45 )

50 .-

50 I

3) 0

49 0

0.42

1.0

1.5

3

4.0

2.8

5.0

--

2.)

--

33

58

36

--

-. 48

71

2.2

.97

14

I 001.8

-- --

)3

112

107

--

--

1.5

2.9

-- --

U)63

.-

--

-- -.

,-



I

In #—-

Malew

6156

6164

6172

6202

6208

6145

6186

Females

61?9

6171

6176

6111

61S1

b15ti

Age

qrJ

9

5

10

6

10

5

5

6

6

8

6

5

6

Table 20

fhdy lturden D-ta for N,m-Hedicall&siatered Children Prior Nesidenrs of ttikini Atoll—-- — —. .——

Neight
(cm)——.

I 30

ti5

130

100

136

110

104

\i5

103

!44

!tb

106

103

Weight

.QiL

34

15

30

19

33

21

20

22

Ill

24

15

20

20

Yin.
on

Hlkini—-—-

6

--

)

5.3

4

.-

--

4

--

-.

2.6Z

i,

4

Vra.
Otf

Bikini

1.0

1.5

1.0

.12

4.5

--

--

1

6

6

1.0

1.0

1.0

1!?19
)31~m

Itcoult
nC i-—

2.0

8.0

2.8

--

--

1.0

--

1.2

--

--

4.0

1.2

3.5

..+

1979
Potasaimm

fte*ult
Cram——

53

40

40

--

--

46

.-

--

--

--

16

32

32

Hay

1919
I 31C,

Re#ult

nC i.—

3.4

--

1.9

1.8

-.

--

--

--

--

--

1.1

--

1.2

1919

Pot.aaium
Result

Craw——

59

--

)4

53

76

--

22

59

36

3ff

4)

54

46

Au&ust--.—

1980
137C*

RellUlt
nC i

1.9

--

1.0

--

--

--

--

--

--

--

--

3.4

6.5

I gnff

POtadni~~m
tleuult

clam
—.——.

)5

--

73

--

--

--

--

-—

--

29

44

53
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ComDariscn Adult ?iaL?s from Kili

>kl~USt 1’?80

137~~ Potassium
UCi Grams

1.2X10-2 164

ID#

2102

&

30

?Jame

3

1.3X10-2 1732103 20

1.1X10-2 1662104 37

9.5X10-3 170“2105 38

1.5X1O-2 177382107

6.2x10-3 172

8.1x10-3 i34 .

7.2x10-3 158

7.3X1O-3 162

9.4X1O-3 152

352114

452116

492117

272118
.

50

PRIVACYACTMATERIALREMOVED2101 9.1X1O-3 156

1.3X1O-2 176

54

1109 22

1.5X1O-2 1911111 34

8.4x10-3 1911098 34

1.6x10-2 188

3.1X1O-3 112

6.5x10-3 121

5.7X1O-3 135

1101 37

1102 39

1103 55

1104 26

3.9X10-3 136

2.8x10-3 180

1105

1107 36

1.4X1O-3 184

7.5X1O-3 189

1106 26

(1108 23



CamBariscn .ldult Males frmn Kili (Cent’d)

AU~USt 1980

137CS Potassium
UCi Grams

1.3xlo-~ ● 156

Name ID# *

401110

6.0x10-3 15834

5.4X1O-3

9.4X10-3

1522121 46

13856

1.7X1O-* 18025

3.7xlo- 14322

3.4X1O-3 1472125 28

(
.

PRIVACYACTMATERIALREMOVED

(.



Table 21 (Can:’d)

Name

Comparison Adult Males from !4a~ura

ID#)

1047

2084

2085

2087

2089

2019

2060

2065

1048

1056

1074

1076

1084

PRIVACYACTMATERIALREMOvED1088
1089

1090

1091

1092

1004

2028

2050

*

31

32

55

62

21

26

50

44

70

62

34

35

80

19

21

27

34

29

44

17

17

Auqust 1980

137~~ Potassium
Uci Grams

6.1x10-3 184

8.3x10-3 168

3.2X1O-2 112

1.7X10-2 134

3.5X1O-3 149

1.4X10-2 152

3.OX1O-2 122

1.2X1O-2 137

9.1X1O-3 144

8.2x10-3 131

5.2x10-3 143

8.2x10-3 174

6.3x10.-3 155

4.4X1O-3

5.4X1O-3

1.6x10-2

3.2x10-3

8.5x10-3

4.8x10-3

2.2X1O-3

2.5x10-3

191

168

179

169

183

136

136

133



Table 22

ContnarisonAdult Females from !?aium

&.!ZUSt 1980

137CS Potassiun
Vame T~ii A= ~uCi Grams-

2015 36 2.3x10-3 97

2091 40 4.OX1O-3 117

2055 38 4.7X1O-3 %

2059 32 9.6x10-3 86

i

PRIVACYACTMATERIALREMOVED



t’-’

#..

Number of
Relocated
Bikini
Rernidenta
C~*&8nted

Wically

Ikgiatttted

Population
Total in

*I ’18—.

Biftinimo
Medically
MegiatereJL

iot A@i ‘lb—. .——Date thinterf —

April1978 143 I35 --

135 53 64101 143

143 63nay 19/9

98 ML12..---- —-

—-—.————-—— —— . - -- ——————. .—.—— —
1.

Bikini tfdical Peuimtty included 34 pcrstmm umfer > year- of ●ge antf not =ligil~le for uhule kdy couming iti April i91B.
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a
-Y

1

.



e4n

a

e O*n
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.-

..



nay 1979/

N,m-relocated 12 12 5
rernideotti.

Femr41e Hsle Fe-ale Ti>trnl
Adoleucentu Children (ltildrtin Permona
AKeu II-15 Ages 5-10 & 5-10 (:.lllt)r 0.1—-- ——-

M.elocated ra*i- 0 0 0 0 5 12
dcoto~dicslly
Eegi.tered.

Trrnnairmt. 2 0 0 0 0 0 2

Nun-r, cideul. 0 0 0 2 1 3 6

ll)TA1. 17 1) 7 5 12 20 ltl

January ●nd Hay 6 11 4 3 6 12 ~/,

19)9 Oufriiuate
count.

_—— ..— —.. ——-. --—-—. ————— .—..—- . —______

.

--



Summary of ~esidence Location for ?~rsons ‘,Jhole30CV Counted in

January and !’av 1979

Residence Atolls - Islands

Group/Class

Re~o~aCed Yarshallese/

?esidents of 9ikini .ACO1l

!?onrelocatedYarshallese/

~esiae~ts of 3ikini Atoll

Controls .

Jan

Wav.

Jan

Yay

Jan

Majuro-
Eiit Rita

26 37

34 30

4 29

3 2&

L 3

Kili

1

15

0

0

0

Jaluit-
Jabor

0

0

0

17

0

Total
Counted

64

79

33

44-

4

Nay 3 3 0 0 6



Table 30

Freauencv 3istri5ution of Residenc~ Location in Januar”~1979

Residence Atolls - Islands

!4ajuro-
E<it Rita

Relocated Yedically Registered:

Adult Males 8

Adult Females 8

Adolescent Males 1

Adolescent Females 1

Yale Children 1

Female Children 3

Relocated Honmedically Registered:

Adult ??ales “

Adult Females

Adolescent Males

.4dolescentFemales

Male Children

Female Children

Other Xonmedically Registered:

Adult ?!ales

Adult Females

Adolescent Males

Adolescent Females

Male Children

Female Children

o

2

0

0

1

1

2

2

0

0

1

0

8

8

3

1

0

3

2

3

1

1

3

4

6

9

3

3

3

8

Kili Jaluit- Total
Jabor Counted

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

17

16

2

1

6

~

5

1

1

4

5

8

11

3

3

4

8
/

(



Table 3L

Freauencv Zistributian of ?esidenc~ Location in Yay ~g?’a

Residence Acalls - Islands

F!aj uro-

Ejit Ri:a

Relocated ?ledicallyRegistered:

Adult Males 6

Adult Female.g 9

Adolescent Males 3

Adolescent Females 1

Yale Children 1

Female Children 3

Relocated Nonmedically !legistered:

Aduit Males

Adult Females -
i“

Adolescent Males

Adolescent Females

Male Children

Female Children

Other NonmedicalLy Registered:

Adult ?fales

Adult Females

Adolescent liales

Adolescent Females

Male Children

?emale Children

1

3

1

0

3

3

1

2

0

1*

1*

1*

*individual is part of the COI’ttrOl 20pUlatiOtl.

3

3

0

1

3

0

~i~i Jaluit-
Jabor

0

0

0

0

0

0

1 0

0 0

0 0

0 0

1 0

3 0

0 9

0 2

0 2

0 1

0 1

0 2

Total
Counted

14

19

5

3

4

6

3

5

2

1

8

~

14

12

5

4

4

11

(
~one or more individuals participated in che pro%ram as a control.



:abla 22

Wedicallv ~egiscared Relocated Adult ‘ale 19 Yurnbert

Name and Residence Location

January l!?~? Way 1979

Count
Date

—.

>esidence
Atoll-Island

Residence
Atoll-Island

Kili

Kwajalein-Sbeye

Majuro-Ejit

Xaloelap

Jaluit

!4ajuro - (Rita?)

!Jotje

?fajuro-!tita

Majuro - (?)

Yajuro-Rita

3’lajuro-Rita

Kili

Majuro-Ejic

Majuro-Ejit

Majuro-Ejit

Kili

!4ajuro-Ejic

Majuro-Ejit

Kili

?fajuro-Ejit

Kili

Count
Date

5/21

—-

—-

-—

~g# Name—.

80

5006

863

6070

6004

6033

60L8

6069

.
6068

6067

6066

6017

6019

6001

6073

6005

6008

6086

6071

6076

6072

—-

--- ---

1/23

1/24

Xajuro-Rita

?fajuro-Rica

-—

—- —- —-

5/15

---

5/17

5/18

5/21

—-

5/15

5/21

—-

5/16

—-

-—

-—

—-

1/24

e 1/24

31ajuro-Rita

Majuro-Rita

1/22

eo 1/22

Xajuro-Ejit

Majuro-Ej it

—-

-—

1/23

1/23

1/23

1/22

Majuro-Rita

1 !4ajuro-Ej it

!?ajuro-Ejit

Majuro-Ejit

—- —-



!?ameand Residence Lccation (cent’d)

813

6118

6125

6003

6117

6128

6125

6007

5120

6119

1/22

1/24

?fajuro-!lita Kili

Majuro-Rita

Kili

Ugelang

Majuro-Rita

Kili

Majuro-Ejit

Kili

Majuro-Ejit

Majuro- (Rita?)

?!ajuro-Ejic

Majuro-Ejit

Lib

Yajuro-zjit

Kili

Majuro-?lita 5/17

---

—-

5/16

---

5/18

—-

5/15

—-

-—

5/15

---

5/16

---

--- ---

-— —-

1/24 Xajuro-Ftita

1/25 Kili

---

1/23 ?lajuro-Ejit

1/22 Majuro-Ej ic

—- —-
.

86L

966

6135

6(3$$6

6002

---

—-

-—

1/22 ‘4ajuro-Ejit

-— ---



I~:j

6045

61:2

6114

6111

61:2

6123

6059

6063

6052

6124

6108

&J5g

61:2

6065

6097

6109

60L~

6099

6060

60:6

6110

Table 23

!4edicallv Registered Relocated Adult Female ID Number,

Same and ?esidenc? Location

Januarv 1973

Count
Name Date

---

1/?4

1/23

1/23

1/22

1/22

—-

-—

.
1/22

--

1/23

-—

1/23

1/22

1/23

1/23

—-

1/22

1/24

---

—.

Residence
Atoll Island

—-

Yajuro-3ita

Majuro-Ejit

!4ajuro-Ejit

?4ajuro-Sjit

Yajuro-Ejit

—-

---

Majuro-Ejic

-—

Xajuro-Rita

---

Ylajuro-Rita

!4ajuro-Ejit

Hajuro-Rita

Yajuro-Rita

Majuro-Ejit

Majuro-Rita

---

Count
Date

—-

5/16

—-

-—

5/16

5/17

—-

-—

5/16

5/16

5/16

5/16

5/15

5/17

5/17

5/21

?lav 1979

?esidence
Atoll-Island

Kwajalein-Zbeye

!4ajuro-Rica

Kili

Kili

Majuro-Zjit

Majuro-Ejit

Kili

Deceased

Majuro-Ejit

Kili

Majuro-Rita

Kili

?lajuro-Itita

Kili

Majuro-Rita

Majuro-Rita

F!ajuro-Ejit

Majuro-Ejit

Majuro-Rita

Jaluit

Kili

PRIVACYACTMATERIAL.REMOVED
(



525

6064

6061

6051

934

6062

6035

Tabie 23 (Cone’d)

?leaicallv ?eqistered Relocated .$duit Female ID Yumber

Name and Residence Lccacion (cent’d)

‘s115

6024

865 .

6050

---

1/24

-—

---

—-

1/24

1/23

-—

-—

?fajuro-Rita

--

---

Majuro-Rita

?fajuro-Ejit

—-

--

5/21

5/15

-—

5/15

5/15

5/16

.—

5/16

5/21

5/15

---

Kili

!4ajuro-Rita

Wotje

Ffajuro-2jit

Majuro-Rita

?fajuro-~jit

Maloelap

?fajuro-Ejit

Kili

Majuro-Ejic

Kili

PRIVACYACTMATERIALREMOVED

.-

(



Table 24

Uedicallv Registered Adolescents (Ages 11-14) YD Yumber,

Males:

6122

,6131

6011

6127

6133

6015

Females “

6129

60&8

6091

)Jame znd ?.esidencz Location

January 1979

Count Residence Count
Date and Island Date

--- ---

1/23 Yajuro-Rita

1/23 Xajuro-Rita

1/22 Majuro-Ejit

-— -—

1/24 ?fajuro-Ri:a

1/22 Majuro-Ej it

---

1/24 Majuro-Ri:a

5/16

5/16

5/16

5/15

5/17

5/17

5/21

5/17

?!av 1979

!?esidence
Atoll-Island

Kili

Majuro-Ejit

Majuro-!?ita

Majuro-Ejic

?fajuro-Ejic

?!=juro-Rita

Majuro-ijit

Kili

)fajuro-Ftita

lWI/,,CYACTMATERIAL REMOVE/-j



}]~e and qesiience Location

Januarv 1979
Count

1~1: Residence
Name Date Atol~-Island

Males:

6009

6049

6042

6014

6023

6016

6013

Females:

6094

6092

6080

6010

6038

6105

6103

6029

6030

6027

6044

.

6025

6081

6106

---

—-

—-

---

L/22

---

—-

—-

---

—-

1/23

--

1/23

—-

1/22

1/23

1/23

—-

1/23

—-

-—

—-

—-

?4ajuro-Zjit

---

—-

---

---

!fajuro-~ji:

—-

!Yajuro-Ejit

—-

)!ajuro-sjit

Yfajuro-Rita

Majuro-Rita

Majuro-Rita

?lav 1979
Count Residence
Date AtOl~-Tsland

5/21

---

-—

5/21

5/21

—-

5/15

—-

—-

---

-—

--

5/16

—-

5/15

5/16

-—

5/15

5/16

—-

5/16

Kili

Kili

Jaluit

Kili

Kili

‘ajuro-Ejic

Majuro-Ejic

!(ili

Wotje

Wotje

Xi1i

?fajuro-~jit

!Zili

!4ajuro-Ejit

Yaloelap

?fajuro-Ejit

Yajuro-Ejit

Majuro-Rita

Xajuro-I?ita

!4ajuro-Rica

Majuro-Ej it

Xajuro-Rita



137/

6137

6139

6140

6144

6148

6151

6152

6155

6159

6160

6163

6165

6157

6175

6181

6195

6187

6189

6206

6222

Name

Table 25

!?onmedicallv Re~istered Adult ?emale ID Number.

Name and ?esidence Location

Count
Date

1/22

1/22

1/22

1/22

1/23

1/23

1/23

1/23

1/24

1/24

1/24

1/2$

1/26

1/24

1/25

1/25

.—

—.

—-

January 1979

Residence
Atoll-Island

Majuro-Zjic

Majuro-Zjit

Majuro-5jit

Majuor-Zjit

Majuro-3ita

Majuro-Rita

?!!juro-~ita

Yajuro-2ita

!4ajuro-Ilita

Majuor-Rita

Majuro-Xita

Yajuro-Rita

Hajuro-3ita

?fajuro-3ica

Majuro-!?ita

Majuro-Rita

Coun c
Date

5/17

-—

5/17

5/17

5/16

5/17

5/16

5/16

5/17

5/17

—-

-—

5/16

5/17

5/17

5/16

5/16

5/16

5/21

5/21

?fav 1979

Residence
Atoll-Island

Majuro-Ejit

!“fajuro-Ejit

.%juro-Ejit

Majuro-EjiC

14ajuro-Ejit

Majuro-Rita

Y!juro-Rita

Majuro-Rita

Majuor-Rita

Yajuro-Rica

Majuro-Rita

Majuro-Rita

?iajuro-Rita

!4ajuro-Rita

Majuro-Rita

Majuro-Rita

Majuro-Ejit

Majuro-Rita

Jaluit-Jabor

Jaluit-Jabor



IDd

6136

6138

6153

616i

6166

5168

617L

6180

6182

6184

6190

6205

6210

6211

6218

6219

6220

62~1

6223

6224
,.

6226

?lame

Y~e and ?!zsidenceLocation

Januarv 1979

Count Residence
Date Atoll-Island

1/22 Majuro-Ejit

1/22 !?ajuro-~jit

1/23 Majuro-Rica

l/~4 Majuro-Rita

1/24 yajuro-Rita

1/24 !lajuro-!lita

1/24 Yajuro-Rita

1/25 Majuro-!?ita
.

1/25 Yajuro-ilita

1/25 bYajuro-Rica

---

—-

-—

--

--

—.

—-

—-

-—

—-

---

-—

—-

—-

---

---

—-

—-

--

Count
Oate

—-

-—

5/16

5/17

5/16

5/16

—-

5/15

5/17

5/16

5/21

5/21

5121

5/21

5/21

5/21

5/?1

5/21

5/21

5/21

Yfav1979

Residence
AtO1l-Ysland

Majuro-Eji&

!4ajuro-Ejit

Majuro-Rita

Majuro-Rita

Majuro-Rita

Majuro-Rita

3??kjuro-Rita

Enewetak-Enewetak

?fajuro-Rita

??Ajuro-Ejit

Majuro-Ejit

Jaluit-Jabor

Kili

Jaluit-Jabor

Jaluit-Jabor

Jaluit-Jabor

Jaluit-Jabor

Jaluit-Jabor

Jaluit-Jabor

Jaluit-Jabor

Jaluit-Jabor

PRIVACYACTMATERIALREMOVED



Table 38

Nonmedicallv Registered Adolescent ID Yumber.

Yame and Residence Location

Januarv 1979 W.av1979

Residence
Atoll-Island

?fajuro-!?ita

Count
Yame Date

Residence
Atoll-Island

Count
Date

5/17

ID:)

6200

6207

6225

6188

6212

6147

6169

6178

6183

6173

6170

6162

6141

---

5/2: Jaluic-Jabor

Jaluit-Jabor

--- ---

5/21—- —-

5/15 Majuro-Ejit---

5/21 Jaluit-Jabor—- ---

1/23 Majuro-Rita

!4ajuro-Rita

?lajuxo-RiEa

Yajuro-Ri:a

!-lajuro-Rita

Xajuro-Rita

)fajuro-Ri:a

Yfajuro-Ri:a

5/16 Majuro-Ejit

5/16 Yajuro-Rica

5/17 ?lajuro-?tita

Majuro-Ilita

?fajuro-Rica

1/25 5/16

1/24 5/17

1/24 5/17 %juro-Rita

1/24 Aur

1/22 5/14 F!!juro-Rita

PRIVACYACTMATERIALREMOVED



Table 39

Sonmedical~v Reeiscered Juvenile In Naber.
I

?Tameand Yesidencz Lacations

6202

6208

6191

6203

6~0&

6213

6217

6156
f-’ -.

6164

6172

6179

6177

6176

6171

6157

6158

6150

6149

5142

6143

Count
Name Date

—.

---

—.

--

—-

-—

—-

.-

. l/2b

1/24

1/24

1/24

1/24

1/24

1/24

1/24

1/24

1/23

1/23

1/22

1/22

January 1979

Residence
Atoll-Island

---

-—

---

-.

---

Xajuro-Rita

Xajuro-Rita

Majuro-Rita

!4ajuro-Rita

Y!ajuro-!li:a

!4ajuro-Rita

Majuro-Rita

Majuro-Rica

Majuro-Rita

Xajuro-3ita

Majuro-Rita

Yajuro-Ri:a

Majuro-Rita

Count
Date

5/16

5/21

5/21

5/16

5/~1

5/21

5/21

5/21

5/17

--

5/16

5/17

5/17

5/17

5/16

5/17

5/18

5/16

5/16

5/16

5/17

!.!av~97a-

Residence
Atoll-Island

Majuro-Ejic

Kili

?lajuro-Ejit

Majuro-Ejit

Kili

Kili

Jaluit-Jabor “

Jaluit-Jabor

?fajuro-Rica

Aur

Majuro-Rita

Majuro-Ri:a

!4ajuro-Rita

!4ajuro-Ri:a

Yajuro-Rita

Yajuro-Rica

Xajuro-Rita

Majuro-Rita

?fajuro-Rita

Xajura-Rita

??ajuro-Rica

PRIVACYACTMATERIALREMOVED



Table 39 (Cent’d)

Nonmeaicallv Registered Juvenile ID ?lumber~

Vame and ~esidence Locations

Januarv 1979 Yay 1979

Residence
Atoll-Island

Majuro-Ejic

Count
Name Date

,.
1~22

Residence
Atoll-Island

Count
Date

6145

6031

6029

6100

6021

6020

6i07

6074

6078

6088

6090

6101

6056

6057

Majuro-Ejit —-

5/15 Majuro-Ejit

5/15 Majuro-Ejic—-

5/15 Majuro-!tita-—

Yajuro-Ri:a

!4ajuro-Ejit

Yajuro-Rica

Majuro-Rica

Majuro-Ejit

/1 24

1/22

1/23

1/24

1/23

5/16

5/16

Majuro-Rita

Majuro-Ejit

Majuro-Rita5/16

5/17 Majuro-Rita

—- Kili

5/15 !4ajuro-Ejit

5/15 Majuro-Zjit

.

—. —-

1/24

1/24

!4ajuro-Rita 5/15 Majuro-Rita

5/16 ~juro-Eji~

5/21 ICili

Yajuro-Ri:a

PRIVACYACTMATERIALREMOVED



60&9

6042

6013

6094

6092

6G80

60~8

6103.-

(
6081

6006

6004

603~

6013

6068

6072

6126

6003

611?

86h

6135

i 6002

Table LO

!4edicallvRegistered Relocated 3ikini AtolL Residents

&

12

8

7

5

10

8

7

6

-9

9

37

28

27

34

56

20

35

22

17

51

35

65

Not Whole 3odv Counted Since 1978

Name

v... .

Sex

x

Y

M

M

F

F

F

~

F

F

?4

N

!4

!4

3

M

x

M

M

M

F!

?4

Location

Ki,li

Kili

Jaluit

Kili

WOCje

Wotje

Kili

Kili

Maloelap

!4aiuro,Ejit

Kwajalein, Ebeye

Jaluit

Majuro

!Jotje

Majuro

Kili

Kili

Enewetak

Majuro

Majuro, Ejit

Li5

Kili



ID :)

6045

6059

612L

6058

6036

6061

6050

Table 40 (Ccnc‘d)

Medically !lezistered Relocated Bikini Atoll Residents

?JOCWhole Rodv Counted Since 1978 (cent’d)

28

54

18

27

32

22

Total !4issed= 30
.

?Jame Sex—- -

F

F

F

F

F

F

F

Location

.
Kwajalein, Ebeye

Kili

Kili

Majuro, Ejic

Jaluit (Romgelap)

Woije

Kili

PRIVACYACTMATERIALREMOVED

(



Column

1

3

4

5

6

7
[“-

8

Individual ~osinetry

Explanation of

~tem or Derived Quali,tv

2?ame

ID Number

Residence lnverval

90
Sr and

90
Y Bone Marrow Dose

Equivalent During and ?OSC
Residence Interval

During and ?OSC Residence
Interval

Set Zxternal I)oseEquivalent
During Residence Interval

Total 3hdy Dose Equivalent

Total Bone Marrow Dose
Equivalent During and Post
Residence Interval

Data for Bikinians -

Column ~eadings

Urine Activity
Concentration

aody Burden
YAeasurements

Ex:ernal Exposure
Rate !4easuremencs

Cocmencs

pe~s*~al ~nt~rvi~.~

BNL Medical !)epc.
S S&E? Div. Records

?ersonal Interviews

Three Compartment
Model, Constant
Continuous Uptake

Two Ccnnpartinent
lfode1, Monotonically
Increasing Uptake

Assumed Liviag
Patterns

Sum of Columns 5 & 6

Sum of Columns 4, 5,
and 6
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Table L:

1979
137

Cs 3ody 3urden af 3ikinians @rdered !JVFamilv Group

Status of
Family MemberRank 3odv 3ur?en kBa

1 6018
6061
6094
6092

unknoun

●

220.0
82.0
7s.0
83.0

H
w

C(F)
C(F)

2 966

934
6016
6044

210.0

200,0
53.0
43.0

H
w

C(Y)
C(F)

3 6017
6034
6009

?iWENELAP H
w

c(x)

210.0
I&o.()

47.0

4“

5

6

6070
6035

unknown

unknowi

unknown

H
w

150.0
100.0

6033
6058

H
w

14(3.()
77.0

6i26
6050
6132
6038
6049
6013

H
w

C(M)
C(F)
C(M)
C(M)

l~o*-J

50.0
68.0
37.0
63.0
37.0

7 864
865

6119
6133
6028
6091
6090

BATITEN H
w

C(M)
C(M)
C(F)
C(F)
C( )

110.0
49.0
79.0
78.0
47.0
43.0

8 6068
6112
6118

H
w

C(N)

110.0
65.0
23.0

9

10

6117
6063

JANAI

BATIT&N

H
w

99.0
56.0

6125
6062

H
w

93.0
53.0

(,



INOIVIOOAL 00 S1?lETNY DATA PM BIKINIAN$ (Cent’d)

90 Sr &
90Y

10
n- Ndmr r—— ,—

6065

6004

6018

6126

6003

6114

60%

80

6017

6045

6108

6063

525

934

6068

6106

Beaiderrca

lntervsl
a

6.3

.55

6.3

2.3

8.3

1.0

3.3

1.0

8.3

1.0

4.3

4.3

1.0

6.3

6.3

3.3

Ihme Msrrou

lh~ats Equ~v.
lhtritt~ L Poet

Itcsi.lunce inc.

~ Wt...—

130

}()*

In)

45

250

12*

46

IO*

3’10

9.0

43

19

5.6

120

60

39*

131c. ● ‘%.
Dose ttrpiv.

Durinti & Point
Residence Int.

●nem

390

130

1100

1100

580

110

6M0

Nut Emterrml
Done Equiv.

boring Reoidencc
Interval

mRea—..——

520

12

a20

300

II(N)

120

430

200

150

210

620.

350

1JOO

630

J50

130

II(N3

120

520

>20

120

760

u20

4(N

Totoi Body
I)u*e Cquiv.

During 6 Peat
Residence Int.

●Rem

910

200

1900

1400

i700

290

1100

330

23fM

210

730

1100

470

2I00

iMM

1100

Total tlona Marrow
Ihme hpiv. Ouring
mIId hot Remidcnce

Interval .
NRca— .-——--—.

I000

210

2100

I4(M)

19410

3t)(J

II(to

3>0

X-lotl

2no

710

1I m)

4W

2201}

I MM)

I 2(MI



ID
Nmse Number

6025”

6064

6023

6131

6011

608 I

6133

6048

Besidaoea
Interval

.-.*

3.3

1.3

4.3

6.3

6.3

.91

1.3

.55

b

lNl~IVIWAt. W81HETMY DATA P(MI BIKINIANS (Coot’d)

90
Sr b ‘Y

Bone Marrow

1)0S8 Itquiv.
Ihtrina A POet

Uetiidence Int.
de-—.-

39*

6.5*

137 c, ● ‘a% Net Euternal
nose Equiu.

During Uemidence
Iotervel

mnem

4rm

900

560

820

U20

12tt

950

72

Total btiy TII[ ●l Bone M~rr Ow
DO*e Equiv. hue I@iv. hurinn

[turing L Poet ●IId rOtit Rerni&nce

Uesi&nce lnt. Interval

Mllcm Dlutn ——

1300 I100

i300 1400

1500 1bOO

1aoo 1Y(CO

1400 1bOO

610 . 620

2MNI 3000

660 61tt

-—__—————

/’-.,



Table 42 (COrlE’d)

Scacus of
WATO Family YemberRank ~edical ID

Bodv !3urden kB~

90.0
47.0

11 6003
6097

H
w

12 863
6113
6025

87.0
38.0
38.0

H
w

C(F)

13 6073
6051

80.0
53.0

14 6005
6046
6014

H
w

C(?!)

77.0
78.0
56.0

15 6008
6108
6027

H
w

C(F)

72.0
27.0
43.0

16 6128
6131
601i

H
C(M)
C(M)

69.0
63.0
31.0

17

18

6072
6059

Ha
w

65.0
32.0

6001
6122
6076

H
w

C(M)

64.0
49.0
130.0

19 6071
6111
6081

H
w

C(F)

64.0
49.0
38.0

20

21

813
6065

H
w

62.0
39.0

6007
6114
6080

55.0
30.0
20.0

H
w

C(F)

6130
6098

54.0
33.0

K H
w

6(IC6 ii 54.0



Table 42 (Cent’d) i

24

25

26

27

28

29

!?edicalTD

6004
6036
6042

6069
6064
6103

80
525

6048
6012

6019
6123
6065
6023

6066
6060

6110
6127
6010

Status of
WAT() Family Yenber

H
w

c(~)

H
w

C(F)
C(M)

H
w

C(F)
C(M)

w
C(M)
C(F)

Bodv 3urc!en2Eu

49.0
57.0
39.0

43.0
34.0
52.0

42.0
87.0
76.0
47.0

38.0
52.0
39.0
47.0

30.0
51.0

56.0
27.0
52.0
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REVIEW OF QUALITY fiSUM.NCE DATA

MARSW ISIMJDS MD ILLOGICAL SAFETY PROGM

The quality assurance program for the Marshall Islands Radiological Safety

program consists of replicate sampling, participation of inter-laboratory compar-

isons and repetitive activity determinations of calibrated sources. The follov-

ing report summarizes the results of the first two activities since the incep-

tion of the program. Calibrated source determinations are recorded in the data

logbooks. An example of this data is presented in Figure 1.

I. Environmental and Biological Samples

A. Replicate Sampling: bioassay and environmental samples are split

processed and analyzed. The results listed in Tables 1 and 2 define the error

associated in the sample analyses

nique. Individual 5-day, 24 hour
.

.---

i!
biological fluctuation associated

due to random fluctuations in analytical tech-

urine samples were collected to determine the

with repetitive single urine sample results in

the same individual. Table 3 describes these results.

B. Inter-laboratory Comparisons: Other laboratories have participated in

this quality assurance program since 1974. Samples are split at BNL and then

forwarded to each laboratory. Samples may be genuine or purposely spiked

with a known amunt of radionuclide before processing (Tables & and 5).

II. Whole Body Counting

A. Replicate Sampling: Replicate sampling consnencedin 1978. Currently

5% of the sample population are repetitively examined. Replicate results are

presented in Tables 7 and 8.

Inter-laboratory Comparisons: BNL personnel and Marshallese visiting BNL

are counted using the field equipment and the Who;e-body counter of the BNL Xedi-

cal Department. Tables 8 and 9 summarize these results.



.-

l’dbltt i

~icate Sample Sutmuary of (~.ality (kmjtrol Ddtd I(II H.i Is II.111 lSIJIILIS k.I.l It~ltILIcdl s.11.,ly Pro&rdm———__.-—.—_ —

Pu-2J9
PU-240
pCi/g

collection

Date.— -

4/5116
,,

4/11/15
1,

PU-2313

pcilg

Co-tlo

Ala.
K-4t)

.4.

b

Sr-9if

pC1/&

CS-1J7
pCi/g

42.811.09
36.3tl.21

Sample Type; Locat ion..— —

sludge: Bikini-Bikini from house 15

Sample Ift

Sludge 5A
Sludge 5B

L-9
L-9

c-3
c-3

C-4
C-4

c-5
c-5

c-6
C-6

C-7
c-1

C-8
C-8

c-9
c-9

D-1
D-1

D-1
D-1

s-a
S-8

S-15
recount

S-15

S-20
recumrt

S-27
reco~tnt

S-27

S-25
recount

4.39~1.19 o.099~o. lo1.84~o.31

0.J6fO.02
0.51~o.04

3.82~o.o~
3.84~0.i3

3.00~0.08
4.12~o.lk

3.91fo.o~
4.30iO.16

10.410.12
9.18io.lfl

8.38~0.15
5.38:0.12

4.1210.08
4.46io.13

6.2110.11
5.3710.13

10.5 io.17
6.39 tO.15

53.9 ~o.53
55.7 io.19

48.6 tO.19
51.7 fo.79
49.5 io.50

184. il.oo
187. fl.45

83.8 il.41
17.0 io. b4
15.3 ~0.62

75.3’” io.64
84.2 tl .02

Soil: Bikini-B1kinl, Series L, Pit J

Snil: f2neu-lkikini, Series C, Pit 2

,*
M
u

,,

,,

91

II
,,
,,
,1

,,

,,

,8

,,

4114i15
*,

4/1/16
84

,,
1,
,,

,,
,,

418/76
,,
,,

,,
,,

o.oo9f -
0.008i -

Soil: Encu-ltikini, Serie@ D, Pit #1 o.345~o.30
o.210f-

Snil: Nam-Ilikini, 6“ Core near U-2

Soil: Nam-ftikini, O-50cm Profile at Pit W-1

Soil: Nam-ffikini, 6“ Cnre Eaut Tran$ect

Srrll: N~m-ffikini, 0-70c= Prnfile, Statinn #2

Soil: Nam-ftlkini, 6“Core Station #2



‘t’dble I ((ArIIL ’d)

Replicate Sat9p& Simudry uf Quallty Control Datu I,)r Ftdrsllall l>ltiIols llddlolo~lcal !iatety P[ogram—.—..—-——

PII-2J9
PU-240
pcilg

Collection

Date

4/3/16
,,

K-M

pcl /& —

Sr-9(1
p(; ll& .—

46.4 @.15
41.2 il.32

t’u-2J8
_lKi.Lfi.—

CO-60

pcilg--Sarnple Type: -Location——-—-— Sample lD

Soil: ttongelap-Rongelap, 12” Profile s-1
s-l

An imi1: Ewu-Bikini, Fish Scales F-3A
F-3A

4/14175
,,

11.9 !2. ?5
11.5 i2.17

1.4310.288
1.32t0.266

Anmai: Nam-Bikini, Mullet Fish F-1A
F-1A

i2i8174
1,

9.”Nil .97
10.1 i2.14

2.39t0.349
2.61 iO.38}

Anlma I : Nam-Bikini, Mullet Skin F-llt
F-ID

12/8/74
1,

4.05tl.62
4.38il.76

0.433KI.161
0.481i0.170

,,
,1

4.5’lio.445
4.17 ~o.4ii

Animal: Nate-Bikini, Snapper Viscera F-4C
F-4C

7.22tl. b8
6.67tl .55

1.00-1.58 1.18 1.08-1.09Range of tlatios of Replicate Sample. -- 1.03-1.08 I.-1.64--



Date

1976
1976
1976
1976
1976
1976

1977
1977
1977
1977
1977

1977
1977
1977
1977
1977
1977
1977
1977

1977
1977

1976
1976
1976
1976
1976

1978
1978
1978
1978
1978
1978
1978

1978
1978

Z)!EL

Soil
Soi 1
Soil
Soil
Soil
Soi 1

Soil
Soil
Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

Veg
Veg
Veg
Veg
Veg

Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine
Urine

Tab Le 2

Sr-90 Replicate Sampling in Soil, Vegetation and Urine

ID

s-1
S-8
S-is
S-20
S-25
S-27

S-51
s-53
s-55
s-57
s-59
S-61
S-63
S-65
s~75
S-85
s-95
S-105
S-108
S-115
S-125

V-3
V-9
V-n
v-14
V-21

22
23
24
25
26
27
28
29
30

First Run(a)

21 k .34
54 * .53
50 f .50

180 f .99
75 k .64
77 ? .64

.67* .15

10 ? ●35
5,4 ~ ,29
741 ~ ●33

21 k .52
12 t .43
22 t .52

1.1 t .16
79 21.2
11 t .35

2.7 ~ .19

18 t .44
1.3 t .26
7.0 f .3(3

11 ~ .40

170 All

320 tl.5
260 tl.8

89 * .98
84 f .72

6.7 t .83
8.2 fl.b

10 *1.1
8.3 t .91
5.0 *1.1
3.3 tl.2
3.4 ~ .67
3.2 ~ .82

.41t .82

Second Run(a)

21 * .59
56 k .79
49 k .49

140 tl.5
84 floo
75 ? .62

170 *1.3

320 tl.8
260 22.0

87 ~ .92
85 ~1.1

6.5 tl.O
9.8 ~1.4
10 tl.3
9.0 *100
3.6 *1.1
3.8 ~ .89
3.8 ~ .81..
3.()*1.2

1.2 * .68

Ratio Comment

First Run
Second Run

1.0
.96

1.0
●95
.89

1.0

● 74
1.1

.90
1.0

●95
1.0 1977 Soil

.96 Mean

.92 Ratio = .98t.10

1.0
1.1
1.2
1.0
.87

1.0

.92

1.0

1.0
1.0
1.0

.99

1.0
.84

1.0
.92

1.4
.87
.89

1.07
● 34

1976 Soil
Mean
Ratio = .98t.052

1976 Veg
Mean
Ratio = 1.00t.011

1978 Urine
Mean
Ratio = .93k.28

(a) pci per gram analyzed for soil and vegetation, pCi per amount analyzed for
urine.
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‘r~b}c 3

Mean, One Standard Deviationl COunlil~ Error aud Nangcs 0[ Cs~~7 and sr-~~— —_—..—— —- ------ ___ —.

ID #

55

58

6159

6116

51

6066

6112

6060

6064

6061

6035

6161

254

255

251

6010

Average
of ●ll
samples

Meem

w

0.32

0.40

0.13

3.5

0:18

1.3

6.5

1.1

2.0

5.2

2,7

0.33

0.26

0.23

0.19

6.3

2.3

Standard

Deviation——

h

0.13

0.16

0.039

1.0

0.039

1.1

2.9

0.49

C!.36

0.47

0.19

0.11

0.067

0.11

0.044

1.1

.14

(:ount i ng

Error—.—

J/J

0.015

0.016

0.011

0.043

0.012

0.082

0.064

0.10

0.033

0.052

0.069

0.015

0.013

0.013

0.01(3

0.070

0.039

Range— -—

LOU

nCi/t

0.21

0.21

0.064

2.1

0.12

0.41

2.0

1.2

1.5

4.5

2.5

0.23

0.19

0.10

0.13

5.0

1.3

High ‘
nCi/k-—

0.50

0.60

0.16

4.9

0.23

3.1

9.8

2.5

2.4

5.8

2.9

0.48

0.34

0.39

0,25

1.0

2.6

Sr-90*—

Wan
~

0.41

-0.03

0.17

1.4

0.27

1.5

.082

1.2

0.91

0.54

4.3

0.86

0.16

-.20

-.26

2.8

0.S8

Standard
D~.vi~t ion——

i
~

0.41

0.35

0.47

1.6

0.65

2.5

0.57

0.47

1.4

0.42

2.1

0.79

0.21

0.46

0.22

0.90

0.85

Count i uff

Error---—

i
~

0.12

0.12

0.12

0.30

0.17

5.5

0.45

0..41

0.22

0.13

1.4

0.20

0.14

0.37

0.18

0.35

0.64

Low

~

0.12

-0.41

-0.19

0.48

0.86

0.30

-0.71

0.86

0.14

0.00

2.4

0.12

-0.60

-0.81

-0.02

2.1

0.29

II i I@

KiU!

1.1

0.50

0.92

4.2

0.78

5.8

0.13

1.

3.2

).2

6.5

2.1

0.45

0.48

0.49

3.8

2.13

*Based on five ●cquential daily voids.
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Table &

Apr~l 1976 Sumarv of Intercomoarason Data for che Harsnall Islands Radlologlcal Safecv ?rogram

Pig !ieac
Pig !leac

Plg 3one
Pig acme

PLg !fose

PLg Nose

Plg Brains

PLg 3ra Las

Pag !iusc Le
Ptg Xusc le

Coconuc Crab She il

Coconuc Crao Sheil

Coconuc Crab Meat
Coconut CracI Meat

Coconut Crao Viscera
Coconuc Crab Viscera

Coconuc Crab Shell

Coconut Crao Shell -

Coconut Crab Heat
Coconuc Crab ,Meac

Coconuc Crab Viscera

Coconut Crab Viscera

Coconuc Crab She 11

Coconut Crab She 11

Coconut Crab Heat
Coconuc Crab Heat

Coconut Crab Viscera
Coconut Crab Viscera

Average Ratio

~

Standard Deviacioa

*Current ly the H-alth

Location

61k LnL

Bikini

BLkini

Bikini

3ikini

BLkin L

Bikini

Bikini

Bikini

Eikini

Bikini

Blk Lni

Wot]e
Wocje

Wotje
WOCje

WOCje
WOt Je

Kabe 1 le

Kabelle

Kabelle

Kabeile

Kabe lle
Kabelle

Arbor
Arbor

Arbor
Arbor

Arbor
Arbor

Labaracory

BNL
NASL

BNL
HASL

BNL
NASL

BNL
&iSL

BNL
NASL

BNL
HASL

BNL
NASL

BNL
NASL

BNL
HASL

BNT.
WASL

BNL
WASL

BNL
NASL

BNL
HASL

BNL
NASL

BNL
NASL

Sr-90
nCi Jk~

0.38 ~ .050
0.48 f .050

0.64 ~ .060
0.39 $ .050

25. ~ .34
65. ~ 2.0

1.3 f .090
2.1 ~ .20

2.1 ~ .14
2.6 ~ .20

0.45 ~ .060
0.86 < .10

1.1 ~ .11
1.1 f .10

0.10 f .060
0.080 : .010

0.030 t .060
0.13 f .010

210 * 3.0
140 ~ 14.

7.4 f .31
6.7 2 .50

10. t .23
11. f .50

92. t 1.4
58. * 3.0

3.0 * .15
2.8 ~ .30

8.6 2 .78
7.6 ~ .10

Sr-90
Ratio

BN’LI iiASL*

0.79

1.1

0.38

0.62

0.81

0.52

1.0

1.3

0.23

1.5

1.1

0.91

1.6

1.1

1.2

0.94
to .39

cs-i37
nCiikg

120: 2.0
130 ~ 6.0

230 ~ 3.0
220 $ 9.0

63. ~ 1.0
69. ~ 3.0

210 f 4.0
170 f 9.0

180 ~ 5.0
lko ~ 7.0

66. ~ 2.0
150 * 8.0

0.60 f .20
0.80 ~ .20

2.8 ~ .29
1.5 ~ .10

0.25 ~ .070
0.10 = .io

17. ~ 1.0
18. ~ 1.0

66. f 1.2
74. = 4.0

u. ~ 1.0
47. ~ 2.0

4.7 ~ .10
6.0 ~ .50

25. ~ .70
16. t 1.0

11. f .50
29. ~ 1.0

cs-i37
Ratio

BNLiHASL*

0.92

1.0

0.91

1.2

1.3

o.&k

0.50

1.9

0.36

0.96

0.89

o.9fb

0.70

1.6

0.38

amd Safety Laboratory (HASL) is na~d che gnviro~ntal Maaauremants Laboratory (E14L)



Date
yr }!~

76 10
76 10
76 10
76 10
76 10
76 10
76 10
76 10
76 10
76 10
76 10
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 04
77 04
77 04
77 04
77 04
77 04
77 04
77 07
77 07
77 07

Table 5

Laboratory Intercomparison of Soil, Air, Vegetation, Tissue

and Water Radiochemical Analvses

Air
Air
Air
Air
Air

Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
A i;
Air
Air
Air
Air
Air
Air
Air
Ak
Air
Air
Air
A k
Air
Air
Air
Air
Air
Air
Air
A k

Huclide

Be 7
Fln 54
co 57
Co 60
Fe 59
Sr 90
Zr 95
Cs 134

Cs 137
PU 23a
Pu 239
Be 7
Na 22
Mn 54
CO 58
CO 60
Fe 59
Sr 90
Nb 95
Ru 103
Ru 106
Sb 125
Cs 134
Cs 137
Ce lfA
Pu 238
Pu 239
Mn 54
CO 60
Sr 90
Zr 95
Ru 103
Cs 137
Pu 239
Na 22
co 57
Zn 65

B NL*

Value

0.170E 04
0.500E 03
0.187E 03
O.81OE 02
0.240E 03
0.370E 01
0.157E 03
O.1O5E 03
0.258E 03
0.450E-01
0.150E-01
0.540E 04
0.420E 03
0.430E 03
0.460E 03
0.380E 03
0.700E 03
O.11OE 02
0.560E 03
0.580E 03

0.490E 04
0.500E 04
0.500E 03
0.980E 03
0.874E 04
0.220E 01
0.200E 01
0.255E 03
0.244E 03
0.170E 02
0.220E 03
0.289E 03
0.213E 03
0.220E 00
0.134E 03
0.146E 03
0.223E 03

EM~*

Value

0.187E 04
0.145E 03
0.252!5 03
0.838E 02
0.279E 03
0.300E 01
0.179E 03
O.1O3E 03
0.286E 03
0.600E-01
0.600E-01
0.590E 04
0.505E 03
0.473E 03
0.509E 03
0.427E 03
0.725E 03
0.982E 01
0.581E 03
0.550E 03
0.541E 04
0.541E 04
0.500E 03
0.982E 03
0.987E 04
0.990E 00
O.11OE 01
0.252E 03
0.264E 03
0.122E 02
0.232E 03
0.275E 03
0.203E 03
0.590E 00
0.142E 03
0.158E 03
0.218E 03

Ratio
BNL/ E?lL

0.91
3.5
0.74
0.97
0.86
1.2
0.88
1.0
0.90
0.75
0.25
0.95
0.83
0.91
0.90
0.89
0.97
1.1
0.96
1.1
0.91
0.93
1.0
1.0
0.89
2.2
1.8
1.0
0.92
1.3
0.95
1.1
1.1
0.37
0.94
0.92
1.0

*BNL Brookhaven National Laboratory
**EML Environmental Measurements Laboratory



Table 5 (cent’d)

Date
Yr !40

77 07
77 07
77 07
77 07
76 10
76 10
76 10
76 10
76 10
77 01
77 01
77 01
77 01
77 01
77 01
77 04
77 34
77 (J4
77 04
77 04
77 Q4
77 07
77 07
77 07
77 07
77 07
77 07
76 10
77 01
77 01
77 04
77 04
77 07
77 07
77 07
76 10
76 10
77 04
77 04
76 10
76 10
76 10
76 10
76 10
76 10

Type

Air
Air
Air
Air
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soi1
Soil
Soil
Soil
Soil
Soil
Soil
Soil
so-i1
Soil
Soil
Soil
Soil
Soil
Soi1
Soil
Tissue
Tissue
Tissue
‘Tissue
Tissue
Tissue
Tissue
Tissue
Veg
Veg
Veg
Veg
Water
Water
Water
Water
Water
Water

WC lide

Cs 134
Cs 137
Ce 141
pu 239
K 40
Sr 90
Cs 137
pu 238
pu 239
K 40
CO 60
Sr 90
Cs 137
pu 238
pu 239
K 40
CO 60
Sr 90
Cs 137
pu 238
pu 239
K 40
Co 60
Sr 90
Cs 137
Pu 238
Pu 239
Sr 90
K 40
Sr 90
K 40
Sr 90
K40
Sr 90
Cs 137
Sr 90
Cs 137
K 40
Cs 137
H3
Mn 54
co 57
co 60
Fe 59
Sr 90

BNL
Value

0.193E 03
0.191E 03
0.576E 03
0.125E 01
O.21OE 00
0.280E 00
O.41OE 00
0.500E-02
O. 330E-01
0.130E 01
0.730E 00
0.620E 01
0.490E 02
0.230E-01
0.359E 00
0.240E 01
0.680E 00
0.460E 01
0.530E 02
0.230E-01
0.500E 00
0.152E 01
0.793E 00
0.258E 01
0.595E 02
0.230?I-01
0.472E 00
0.320E 01
0.230E 01
0.220E 01
0.400E 01
0.440E 01
0.820E 00
0.300E 01
0.960E-01

0.170E 00
0.320E 00
0.186E 03
0.220E 00
0.530E 02
0.140E 01
0.150E 01
0.580E 00
0.170E 01
o.6ooE-ol

EML
Value

0.196E 03
0.178E 03
00606E 03
0.162E 01
O.81OE 00
O.234E 00
0.473E 00
0.600E-02
0.450E-01
0.221E 01
0.860E 00
0.263E 01
0.586E 02
0.270E-01
0.550E 00
0.223E 01
0.780E 00
0.263E 01
O.586E 02
0.270E-01
0.610E 00
0.245E 01
0.870E 00
0.264E 01
0.637E 02
0.320E-01
0.600E 00
0.419E 01
0.173E 01
0.286E 01
0.860E 00
0.297E 01
0.560E 00
0.331E 01
0.370E-01
0.L76E 00
0.252E 00
0.205E 03
0.230E 00
0.406E 02
0.139E 01
0.157E 01
0.650E 00
0.160E 01
0.500E-OL

Ratio
BNL/E.ML

0.99
1.1
0.95
0.77
0.26
1.2
0.87
0.83
0.73
0.59
0.85
2.4
0.84
0.85
0.65
1.1
0.87
1.8
0.90
0.85
0.82
0.62
0.91
0.98
0.93
0.72
0.79
0.76
1.3
0.77
4.7
1.5
1.5
0.91
2.6

0.97
1.3
0.91
0.96
1.3
1.0
0.96
0.89
1.1
1.2



Table 5 (cent’d)

Date
Yr !40

76 10
76 10
76 10
76 10
76 10
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
77 01
7’ 04
77 04
77 04
77 04

r

77 04
77 04
77 04
77 04
77 07
77 07
77 07
77 07
77 07
77 07
77 07
77 07
77 10
77 10
77 10
77 10
77 10
77 10

77 10
77 10
77 10
77 10
77 10
77 10
77 10

JYEL

Water
Water
Water
Water

Water

Water
Water
Water
Water
Water
Water
Water
Water
Wacer
Water
Water
Water
Water
Water
Wa5er
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Air
Air
Air
Air
Air
Air
Air
Air
Soil
Soil
Tissue
Tissue
Tissue

NucIide

Cs 134
Cs 137
Ce 144
pu 238
pu 239
H3
Mn 54
CO 58
CO 60
Fe 59
Sr 90
Cs 134
Cs 137
Ce 144
pu 238
pu 239
H3
Nn 54
co 57
Co 60
Fe 59
Cs 137
pu 238
Pu 239
li3
Be 7
Na 22
Zn 65
Sr 90
Cs 137
Ce 141
Pu 239
Be 7
co 57
Co 60
Sb 125
Cs 134
Cs 137

Pu 238
pu 239
Pu 238
pu 239
K 40
Sr 90
Cs 137

BNL
Value

0.870E 00
O.1OOE 01
0.840E 00
0.800E-04
0.300E-03
0.268E 02
0.177E 01
0.220E 01
0.550E 01
0.250E 01
0.164E 01
0.230E 01
0.250E 01
0.460E 01
0.120E-02
0.800E-03
0.407E 02
0.114E 01
0.140E 01
0.180E 01
0.190E 01
0.200E 01
0.400E-03
0.400E-03
0.430E 02
0.427E 02
0.978E 00
0.499E 01
o.l15E 01
0.170E 01
0.459E 01
0.298E-02
0.171E 04
0.755E 02
0.139E 03
0.153E 04
0.230E 03
0.165E 03
0.270E-01
0.826E 00
0.330E-01
().230E01
0.199E 01
0.374E 01
0.182E 00

Value

0.920E 00
O,1OOE 01
O.91OE 00
0.400E-03
0.860E-03
0.406E 02
0.178E 01
0.232E 01
0.572E 01
0.228E 01
0.216E 01
0.232E 01
0.252E 01
0.518E 01
0.240E-02
0.230E-02
0.406E 02
0.113E 01
0.177E 01
0.189E 01
0.201E 01
0.204E 01
0.122E-02
0.150E-02
0.406E 02
0.403E 02
0.118E 01
0.523E 01
0.113E 01
0.174E 01
0.518E 01
0.450E-02
0.171E 04
0.856E 02
0.149E 03
0.208E 04
0.115E 03
0.144E 03
0.140E-01
0.126E 01
0.800E-01
O.356E 01
0.135E 01
0.364E 01
0.140E 00

Ratio
BNL/EML

0.95
1.0
0.92
0.20
0.35
0.66
0.99
0.95
0.96
1.1
0.76
0.99
0.99
0.89
0.50
0.35
1.0
1.0
0.79
0.95
0.95
0.98
0.33
0.27
1.1
l.l
0.83
0.95
1.0
0.98
0.89
0.66
1.0
0.88
0.93
0.73
2.0
1.2
1.9
0.66
0.41
0.65
1.5
1.0
1.3



-

Date
Yr !40

77 10
77 10
77 10
77 10
77 10
77 10
77 10
77 10
78 01
78 01
78 01
78 01
78 01
78 01
78 91
78 91
78 01
78 91
78 01
78 Cl

.-

l’

78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
78 01
79 04
79 04
79 04
79 04
79 04
79 04
79 04

32%

Veg
Veg
Veg
Water
Water
Water
Water
Water
Air
Air
Air
Air
Air
Air
Air
Air
Soil
Soil
Sail
Soil
T<ssue
Tissue
Tissue
Tissue
Veg
Veg
Veg
Veg
Veg
Veg
Water
Water
Water
Water
Water
Water
Water
Water
Air~
Air*
Air-
Air-
Air-
Water~
Water-

Table 5 (cent’d)

Nuclide

K 40
Co 60
Cs 137
H3
CO 60
Sr 90
pu 238
Pu 239
Na 22
Mn 54
Co 60
Zn 65
Sr 90
Sr 90
Cs 137
Cf i44
K 40
Cs 137
Ra 226
Am 241
K 40
Sr 90
Sr 90
Cs 137
K 40
co 60
Sr 90
Sr 90
Cs 137
Th 228
H3
H3
Mn 54
Co 58
co 60
Sr 90
Sr 90
Cs 137
Sr 89
Be 7
Na 22
Zr 95
Cs 137
Sr 89
Co 60

BNL
Va 1ue

0.159E 02
0.569E 01
0.140E 02
0.444E 03
0.303E 00
0.361E 00
0.260E-03
0.197E-03
0.755E 02
0.194E 03
0.127E 03
0.263E 03
0.538E 02
0.542E 02
0.144E 03
0.433E 04
0.185E 02
0.350E 00
0.240E 01
0.230E 00
0.221E 01
0.131E 01
0.146E 01
O.1O4E 00
0.212E 03
0.603E 01
o.161E 02
0.156E 02
0.157E 02
0.154E 01
0.213E 02
0.223E 02
0.133E 01
0.270E 01
0.430E 01
0.490E 00
0.530E 00
0.115E 01
0.811E 01
0.152E 04
0.123E 03
0.896E 02
0.126E 03
0*112E 00
0.116E 01

E?lL
Value

0.175E 02
0.507E 01
0.125E 02
0.460E 03
O.31OE 00
0.390E 00
0.340E-03
0.160E-03
0.766E 02
0.137E 03
O.1O5E 03

0.183E 03
0.450E 02
0.450E 02
O.1O2E 03
0.330E 04
0.214E 02
0.480E 00
0.130E 01
0.350E 00
0.140E 01
0.365E 01
0.365E 01
0.140E 00
0.177E 02
0.505E 01
0.L50E 02
0.150E 02
0.125E 02
0.970E 00
0.215E 02
0.215E 02
0.127E 01
0.253E 01
0.392E 01
0.450E 00
0.450E 00
0.113E 01

0.815E 01
0.160E 04
0.177E 03
0.878E 02
0.132E 03
0.120E 00
0.121E 01

Ratio
BNL/ EML

0.91
1.1
1.1
0.97
0.98
0.93
0.76
1.2
0.99
1.4
1.2
1.4
1.2
1.2
1.4
1.3
0.86
0.73
1.9
0.66
1.6
0.36
0.40
0.74

12.
1.2
1.1
1.0
1.3
1.6
0.99
1.0
1.1
1.1
1.1
1.1
1.2
1.0
1.0
0.95
1.1
1.0
0.95
0.93
0.97



-

Date
Yr Mo

79 04
79 04
79 04
79 04
79 04
79 04
7’304
7’304
79 04
79 04
79 04
7’304
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 LO*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*
80 10*

4!P!L

Water~

Wacer~
Water~

Soil~

Soil~
Soil~
Tissue-
Tissue-
Tissue~
Veg~
Vega
Veg~
Water
Water
Water
Water
Water
Water
Air
Air
Air
Air
Air
Air
Soil

Veg
Veg

Veg~
Soil-
SoiL*
Soil~
Soil*
Soil-
Tissues
Tissua*
Tissua*
Tissue*

Table 5 (cent’d)

Nuc lide

Cs 134
Cs 137
Ce la
Sr 90
Cs 137
K 40
Sr 90
Cs 137
K 40
Sr 90
Cs 137
K 40
H3
Co 60
Sr 89
Sr 90
Cs 134
Cs 137
Be 7
Co 60
Sr 90
Cs 134
Ce 141
Ce 144
Sr 90
Sr 90
Sr 90
K 40
K 40
Co 60
Cs 137
Ra 226
Th 228
K 40
Cs 137
Co 60
Sr 90

*Reanalyzed on 81 03.
~BNL Result Noc Reported to EML.

BNL
Value

0.121E 01
0.116E 01
0.L96E 02
0.20 E 00
0.592E 00
0.312E 01
0.397E 01
0.300E 01
0.846E 01
O.11OE 01
0.232E 00
0.204E 01
0.140E 02
0.125E 01
0.205E 00
0.160E-01
0.159E 01
0.145E 01
0.294E 04
0.237E 03
0.994E 01
0.254E 04
0.435E 03
0.338E 04
0.434E 00
0.126E 02
0.963E 02
0.735E 01
O*L35E 01
0.073E 00
0.775E 01
0.44 E 00
0.66 E 00
0.231E Oi
0.195E 02
0. 60E 01
0.358E 02

Value

0.117E 01
0.121E 01
0.204E 02
0.225E 00
0.577E 00
0.280E 01
0.337E 01
O.31OE 01
0.833E 01
0.L08E 01
0.205E 00
0.167E 01
0.14!3E02
0.197E 01
0.218E 00
0.216E-01
0.244E 01
0.226E 01
0.230E 04
0.200E 03
0.L07E 01
0.247E 04
0.404E 03
O.346E 04
0.490E 00
0.138E 02
0.138E 02
0.225E 02
0.207E 02
0.10 E 00
O.11OE 02
0.66 E 00
0.66 E 00
0.17 E 01
0.275E 02
0.874E 01
0.387E 02

Ratio
BNL/EML

1.0
0.96
0.96
0.89
1.0
1.1
1.2
0.96
1.0
1.0
1.1
1.2
0.94
0.63
0.94
0.74
0.65
0.64
1.3
1*2
0.93
1.0
1.1
0.98
0.94
0.91
7.0-

O*33
0.65
0.73
0.70
0.67
1.0
1.4
0.71
0.69
0.93

MRes~lt erroneously reported as vegetation instead of tissue.



Table 5 (cent’d)

SUMMARY

Year

1976
1977
1978
1979
1981
1976
1977
1978
1979
1981
1976
1977
1978
197’3
1981
i976
1977
1978
1981
1976
1977
1’378
197’3
1981

Air
Air
Air
Air
Air
Soil
Soil
Soil
Soil
Soil
Tissue
Tissue
Tissue
Tissue
Tissue
Veg
Veg

Veg
Veg
Water
Water
Water
Water
Water

Mean BNL/EML
bcio

1.1
1.1

1.3
1*O
1.1
0.78
0.92
1.0
1.0
0.78
0.76
1.7
0.77
1.1
0.93
1.1
1.0
3.0
3.4
0.90
0.87
1.1
0.96
0.76

Standard
Deviation of

Ratio

0.8
0.4

0.15
0.06
0.14
0.34
0.43
0.56
0.11
0.15

1.2
0.57
0.13
0.33
0.21
0.11
4.4
4.3
0.33
0.23
0.058
0.03
0.15

Number
of

Samples

11
38

8
5
6
5

20
4

3
6
1

10
4
3“
4
2
5
6
2

11
32

7
5
6



Sample ID#

1056

1074

2085

Pooled Urine(c)

Spike Assay

Table 6

90
Sr Urine Intercomparison Data - 1981

S iked
! OSr
Cone.
pCi/k

0.51

10

31

llxlos(f)

BNL(a)

‘OSr Report
Cone.
nCilR

‘a)Brookhaven National Laboratory

(b)EnvironmentaA Measurements Laboratory
(c)Kili Cmposite, 10 Liters

(d)2x Background Variations at Time of Count
(’e)Based on Decay Count 2-3 Days Later
(f)Amersham Searle Ampoule S3/67/51

0.37 t O.ll(d)
0.58 t 0.21(e)

11X103

‘Em(b)

9oSr Report
Cone.
pCi/2

0.57 t 0.01



(‘-

Description

April 1978 Sumey

May 1979 Sumey

Replicate

ID #

6132

6069

966

September 1979 Survey 911

939

January 1980 Survey

8022

2125

2248

882

1021

1045

1057

1081

1101

Table 7

Results of ?larshallese

137CS

2.3
2.3

0.43
0.38

0.51
0.48

0.14
0.14

0.21
0.21

0.057
0.057

0.060
0.059

0.069
0.069

0.12
0.12

1s
13

21
20

4*3
4.1

8.3
8.1

14
15

t 0.0013
t 0.0015

t 0.0013
A 0.0016

t 0.00099
A 0.00098

t 0.0012
t 0.0012

t 0.00068
f 0.00068

f 0.00070
k 0.0069

t 0.00072
t 0.00072

f 0.0009
k 0.001

nC i

~ ●M
f .45

~ .49
~ .49

~ .37
* .36

~
● 33

~
● 34

~ .45
~ .46

Potassium

Grams

74
71

170 t 6.0
170 t 6.0

140 t 6.0
150 t 6.0

120 t 5.0
120 t 5.0

150 t 5.0
150 f 5.0

140 t 5.0
140 f 5.0

160 t 4.8
160 t 4.7

130 f 5.0
130 t4.o

150 * 5.0
140 f5.o

Grams

230 ? 6.2
700 t 5.7

170 * 5.7
170 k 5.6

180 t 5.8
170 f 5.9

63 f400

68 k 4.0

190 t 5.7
200 * 5.8

Ratio
137c~

1.0

1.1

1.1

1.0

1.0

1.0

1.0

1.0

1.0

1.2

1.1

1.1

1.0

0.93

K

1.0

1.0

0.93

1.0

1.0

l.O

1.0

1.0

1.1

1.2

1.0

1.1

0.93

0.95



Table 7 (cent’d)
.-

Description

January 1980
Suney (cent’d)

ID #

1119

1139

1160

1181

1200

1221

.1239

2021

2035

2046

2059

2081

2103

2121

2141

nCi

36 k .62
36 ? .62

14 t .49
14 t .49

19 2 .52
18 t .51

12 * .47
14 t .49

11 k .47
11 t .46

4.4 t .30
4.0 ~ .30

20 f .53
21 t .53

11.4 t 3.8
Data Lost

6oo foC37

6.1 t 0.36

24 2 0.58
23 t 0.58

27 t 0.35
30 t 0.35

5.8 to.35
6,0 t o.35

21 2 0.48
20. ~ 0.47

4.8 ~ o.29
5.1 A o.29

11 t 0.45
9*7 ~ 0.44

Potassium
Grams

190 t 6.2
190 t 6.2

140 t 5.7
140 f 5.7

120 t 5.6
130 t 5.7

190 t 6.2
200 t 6.2

150 t 6.0
150 t 6.0

54 k 3.8
47 ~ 3*7

170 k 6.0
170 t 6.0

130 f 4.3
Data Lost

100 t600
180 t 5.9

61 t 6.3
61 t 6.2

180 k 5.7
160 f 5.7

89 ~4.4
95 ~ 4.4

110 t 5.5
94 ~ 5.5

35 f4.o
36 ~40(3

170 t 6.4
170 k 6.5

~37Ratio
Cs K

1.0

1.0

1.1

0.86

1.0

1.1

0.95

0.98

1.0

0.90

0.97

1.1

0.94

1.1

1.0

1.0

0.92

0.95 .

1.0

1.2

1.0

1.0

1.0

1.1.

0.94

1.2

0.97

1.0



Table 7 (cent’d)

137c~
Potassium ,..Ratio

Description rD# Wi Grams ‘J’cs—. K

January 1980 2162
Survey (cent’d)

11 2 0.44 93 t 5.8 1.I
10● t 0.44 81 t 5.7

1.2

1.0

0.81

1.0

1.3

1.1

0.93

1.0

0.94

1.0

1.0

1.0

1.0

0.89

2183 13 f 0.47 100 t6. O 1.1
12 f 0.47 100 t 6.0

2202 1.0. t 0.41 66 *4.5 1*-J
10. t 0.41 81 t4.7

8.4 t 0.44 120 t 6.2 0.98
8.6 ~ 0.44 120 t 6.1

2240 14 * 0.47
13

140 t 5.8 1.1
t 0.47 110 t 6.1

August 1980 Survey 6090 Spectrum Not Analyzed
47 ~ 3.5

75~4
70*4

140 t 6
150 t 6

120 t 5.0
120 t 5.2

160 t4.3
170 t 6.8

74 54.2
73 24.2

180 t 5.9
180 t 5.8

110 t 5.1
110 t 5.1

57 ~ 3*7
57 ~ 3*7

51 f 3.4
57 ~ 3.5

0.85

0.97

0.95

1.0

0.96

0.94

0.94

1.4

0.39

6028

.
1048 9.1 * 0.40

9.4 * ().40

6114 5.5 f-)05(3
5.8 ~ o.38

6073 160 t 1.0
160 5 1.0

6173 2.2 ~o.29
2.3 f oa30

2107 15 t 0.46
16 * 0.47

January 1981 Survey 1133 4.5 f 0.38
4.8 ? ().38

2088 1.2 ~oe26

0.86 t 0.26

1147 0.35 tO.23
0.89 t 0.25



Table 7 ( cent ‘d)

137c~

qC i

f 0.43
t 0.43

Potassium
Grams

~37Ratio
Cs K—.

1.0 1.0

1.1 0.94

1.0 1.0

0.82 1.1

0.94 1.0

1.1

0.92 0.90

0.85 1.0

0.94 0.94

1.1 1.1

0.96 0.93

1.1 1.1

1.0 1.1

1.6 1.1

0.70 0.87

ID*

1124

2025

1119

1232

1036

2101

2194

1220

2193

2054

1265

2268

2184

2235

1074

J‘anuary
Survey

1981
(con

11
11

120
120

5.6
5.5t’d)

17
16

t 0.5
t 0.4

170 t 5.5
180 t 0.4

24
26

170 * 5.4
170 t 5.4

1.8
2.2

0.31
0.32

68
61

17
18

o.
0.

46
48

110
110

5.0
5.6

55
50

3.3
3.50.29 0.24

4.4
4.8

t 0.34
t 0.30

63
70

4.1
3.9

.
3.9
4.6

0.37
0.38

130
130

5.6
5.7

7.3
7.8

0.38
0.39

170
180

5.4
5.4

8.1
7.5

0.39
0.41

180
160

7.6
7.9

f 0.41
t 0.38

140
150

5.6
5.2

5.8
5.5

0.36
0.37

120
110

5.0
5.0

7.3
7.3

0.40
0.40

94
87

5.4
5.3

3.8
2.4

0.33
0.35

110
100

4.2
6.0

0.38
0.36

130
150

5.5
5.2



Name

Tab Le 8

Whole Body Counter Incercomparison Results

Date

6/29/79

6/29/79

6/29/79

6/29/79

6/29/79

.6/29/79

6/29/79

6/29/79

6/29/79

10/23/79

10/23/79

10/23/79

10/23/79

10/23/79

9/26/80

1/8/81

1/8/81

1/8/81

S&EP Results

137c~

&

0.017

0.043

0.019

0.017

0.072

0 ● 040

0.018

0.17

0.059

0.0021

0.0021

0.0015

0.0015

0.0016

0.014

.0030

.0030

.0030

K

e

93

177

160

71

103

153

106

93

117

115

96

110

106

94

72

98

96

124

Medical Results

137C8

*

0.017

0.043

0.019

0.020

0.062

0.037

0.022

O*17

0.055

.0039

0 ● 0044

0.0019

0.0025

0.0041

0.014

0.0026

0.0024

0.0029

K

e

72

135

114

73

75

128

78

75

103

100

89

77

82

104

71

92

71

97

S&EP/Medical
Ratio

137CS K—.

1.0 1.3

1.0 1.3

1.0 1.4

0.85 0.97

1.2 1.4

1.1 1.2

0.82 1.4

1.0 1.2

1.1 1.1

0.54 1.2

0.48 1.1

0079 1.4

0.60 1.3

0.39 0.9

1.0 1.0

1.2 1.1

103 1.4

1.0 1.3



Name.-

.-

(

TabLe

S&EP Results

Date

10/6/77
4/25/78

4/24/78

3/14/78

3/14/78
4/23/78
5/15/79
5/16/79
5/18/79
8/22/79
9/2/79
9/2/79

3/14/78
. 4/15/78

1/20/79
1/25/79
5/15/79
5/16/79
5/18/79
8/26/79
1/31/80
2/6/80
2/8/80

2/12/80
2/13/80
1/27/81
1/21/81

1/20/79
1/25/79
1/31/80
2/1/80
2/6/80
2/8/80
2/12/80
8/1/80
8/5/80
8/9/80

137CS K
Gramsa.

0.001

0.002

0.00078

0.0014

0.0024
0.0022

0.0015
0.0015
0.0013
0 ● 00034
0.0019
0.002
0.0027

0.0019

0.0008
0.0009
0.0021
0.0005

0.002
0.0013
0.0014
0.0016
0.0016
0.0014
0.0023
0.0017
0.0014
0.002

110
110

120

130

150
150
180
170
170
120
190
150

140
120
140
130
140
140
140
160
150
180
170

160
150
150
150

140
150
190
180
190
170
160
160
120
130

9

S&EP/Medical
Medical Results Ratio

137c~

Date s

10/77 0.002

2/16/78 0.003

3/14178 0.0049

5/18/78 0.0021

5/23/78 0.0022

1/13/81 0.0013

K
Grams

137c~ ~
—— .

110 0.5 1.0

150 - 0.80

120 0.41 L.L

150 - 1.0

130 1.67 1.2



Name

.

as

i

Table 9 (cent’d)

S&EP/Medical
S&EP Results Medical Results Ratio

.137CS

Date uCi

9/2/79 0.0026

9/2/79 0.013
1/31/80 0.012
8/1/80 0.022

9/2/79 0.0011
1/31/80 0.0027
8/1/80 0.0031

9/2/79 0.0031
1/31/80 0.0028

10/77

9/2/79 0.0067
1/31/80 0.0064
8/1/80 0.0095

1/31/80 -
1/26/81 0.0025

0.0027

1/31/80 -
2/6/80 -

1/31/80 0.0023
2/1/80 0.0019
2/12/80 0.0016

1/20/79 0.003 ‘
5/18/79 0.0019
7/30/80 0.007
8/1/80 0.007
8/5/80 0.0013
8/1/80 0.0005

1/21/81 0.0016

1/21/81 0.0014

1/26/81 15.9

K
Grams Date

200

170
190

150

160
120
130

120
64

200
170
210

140
150

110
130

200
200
190

110
120
120
130
150
130

170

200

210

137CS
K

PCi Grams
137c~ K

— .—. —.

1/31/81 0.0024 160 0.67 1.1

1/13/81 0.0016 160 0.88 1.3

-1’”
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The bar graph (Fig. 1) shows the average
equivalent exposure the respondents were willing
to accept instead of the specified bodily injury.

In general, the data collected indicates a
reasonable trend with an expected increase of
acceptable equivalent exposure as the severity of
thebodiiyinjuryincreases.340strespondents
wouId preferan exposuregreaterthan 200rad
ratherthanaccept the loss of a limb.

The extremes in some of the repiies are
disquieting and may indicate significant probiems
in thecredibility or a lack of knowledge of the
generally accepted risk coeilicients. The respon-
dent who wouid rather lose a finger than receive a
dose of 0.5 rad may not realizethat many diag-
nostic procedures involve this order of whole body
dose (UN77).A significantnumber(W%) ofres-
pondents would rather be exposed to 300 rad [ban
losea linger. Using pubiished experimental data
(Ki61: Hu78), the risk of fatality from an acute
exposure of 300 rem may be deduced to be be-
tween 15 and M% Tle persons concerned either
are not aware of the risk or do not accept the
value. Either of these possibilities seems more
reasonable than the assumption that the in-
dividuals wouid prefer a one its five chance of
losing one”s life than the ioss of a finger.

The authors intend to extend this work to
determineresponses of a broader segment of pro-
fessionals invoived in radiation and also to survey
the rationaAeleading to some of the replies.

DGNALBA. WATSON
. M-Y ~ WALSH

safety *icu *atiPnePtf

Ontm”o Hydro
70QUniversityAvenue
Totvnto, Ontario
Canada A45G 1X6
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Dosirnetric Resultsfor the Bikini Population

(Received1May 1979:accepted24 September 1979)

DURINGthemid 1940s through 1958. theU.S.
conducted high yieid weapons tests at Bikini and
Enewetak AtoUs. These areas were contaminated
with faiiout fromthetests.A restosadonProgram,
concentratingon the main residence islands of
Bikini and Eneu Islands at Bikini Atoll. began in
1969. Approximately 30 TrustTerritoryresidents :
including some former Bikini AtoU inhabitants
participated in the initial cleanup and redevelop- ,
ment of the AtoiL During subsequent Ye=s. the
Bikini population increased to some 140 in-
dividuals at the time of their departure in August
1978.

Between 1969 and 1974, scrub vegetation on
Bikini and Eneu Islands was cleared and in-
digenous food crops were planted. These crops
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consisted mainly of coconut, pandanus and bread-
fruit trees but included a garden development
where squash. papaya, bananas and other crops
were grown (R07T).During the maturationinterval
formost of the tree crops (5-7 yr), the majority of
thefoodconsumedon Bikiniislandwasimported
by TrustTerritorysupply vessels. AS the local
vegetation developed, the diet became less res-

( tricted to imported foods so that by 1978, the diet
contained substantial quantities of locally grown
items.

Bioassay and external exposure monitoring pro-
grams were initiated for Bikini Island residents in
anticipation of the changing diet~ situation. and
with the realization that it was essential to do
personnel monitoring on those individuals living
onBikiniIsland.

Extensive external radiation monitoringwas
performedin 1975 throughthe jotntetfortsof
Brookhaven NationalLaboratoryand Lawrence
Livermorebboratory. Data were collected using
an envuonrnentai ionization chamber to quamify
exposure rates. portable NaI scintillation survey
meters to map the external radiation fields. a
portable gamma spectroscopy system to define {he
major energy components of the external field and
to determine energy dependence correction factors
for the ion qhamber. and LiF thermoluminescent
dosimeters to measure long term integral
exposures. Externalexposure estimates were
developed based on these measurements and an
assumed living pattern (Gu76; Gr79).

Urine samples for radionuciide bioassay were
collected during BNL medical field trips to Bikini
between 1970 and 1976 (C07S, unpublkhed
results).Thisprogram was reinstated by BNL
Safety and Environmental Protection Division in
1978 with systematic 24-hr urine collections from
ail adult Bikinians. Urine bioassay results were
used to calculate %r-w and “’Cs-’nMBa body
burdens and resultant radiation dose equivalents
for all Bikinians from whom a satisfactory urine
sample was obtained.

Whole body counting was performed h 1~4
and 1977by the BNL Medical Department (C075;
co77). and theprogramcontinued in 197S under
the BNL Safety and Environmental Protection
Division along with the follow-up whole body
counting of former Bikini Island residents cur-
rently residing on Ejit or Majuro Islands. Majuro
Atoll and on Kiii Island (Mi80), Field measurement
of y+mitting radionuclide body burdens was ac-
complished with a trailer-mounted shadow-shield
whoie body counter. IWe commitments were
calculated from the measured body burdens
for many personsresidingatBikinilsiandduring
theyears1%9-78.
1ssadditiontoretrospectivedoseequivalents.

whole body counting and bioassay techniques pro-
vided the data bme from which dose equivalent
commitments were calculated. These calculations,
together with external radiation measurements.
provided a complete assessment of dose to the
Bikini population from chronic exposure to im-
portant fallout radionuclides in their home atoll
environment.

Results
In the following tables, the dose equivalent cfur-

ing theresidency interval and dose equivalent
commitments to bone, bone marrow and the total
body are presented. The means for the dose
equivalent and dose equiwdent commitment were

determined from individual data points which
represent a wide distribution of residence internis.
The mean value corresponds to residence interwd
(years) for the population described. Residence
internals were determined through verbal inter-
rogation of participants in the personnel monitoring
program.
Tables1 and2 representtheboneandbone

marrowmeandosesandrangesinmrem which
were the result of ingesting %-~ during the
residency intetwai. These data were derived from
measured urine activity concentrations during the
uptake period. Constant continuous ingestion of

M*1- ehildrm
(11-M pars

of we) 3 S.3 bl 120 1> 130 310 2s
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activity was assumed in the models used to cafcu-
Iate the dose equivalents and dose equivalent
commitments.

Table 3 depicts the net external dose equivalent
resulting from living on Bikini Island. The dose
equivalent during the residency interval varies for
subgroups within the population acording to (he
assumed living pattern selected. Since these vaIues
were obtained from ion chamber measurements
and hypothetical living patterns, no range of
results has been provided. [n this report, 1
Roen[genisassumed equal to I rem.

,
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Table 4 presents the average whole My doses
due to the ingestion of ‘3’CS. Data were derived
from who[e body counting measurements made in
1974, 1977 and 1978. Constant continuous uptake
of ‘ncs in the diet was not assumed. For these
calculations, the uptake period was divided into
three intervals during Whichthe‘“CSactivityin-
gestionratefor a given interval remained constant,
but increased stepwise with time to account for
observed increasesin‘nCsbodyburdens.
Table 5 summarizesthe totalbody dose

equivalentduringtheresidencyperiodfrom in-
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I%G. 2. Totafmafe distribution of dose equivalent (during and post residence) or residence
interval for inhabitants of Bikini Isiand. Bikini Atoll.
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temal ‘“CS and man-made external radiation, and
the total body dose equivalent commitment upon
departure from Bikini Atoll in August 1978. A
standard deviation for these quantities of approx.
= 40% of themean was observed in adult sub

.gToups. Internal dose equivalent distributions in
Figs. 1-3 were constructed by first calculating
mean daily activity ingestion rates for different
subgroups of the Bikini lslandpopulation
based on the iridividtud measurementdatafrom
whichTables1.2 and 4 werederived.Secondly,
thesemean activityingestionratesand individual

residence internalvalues we used as input data to

mathematical models applied to inhabitants who
did not participate in our personnel monitoring
programs. The models describe various regimes
for the uptake. retention and excretion of inter-
nally deposmd radionuclides. Finally, dosime[ric
models which allow for constant continuous up-
take of ‘Sr and stepwise increasing uptake for
‘mCS were chosen to determine the internal dose
equivalent and dose equivalent commitment for all
inhabitants. Thus for residence periods between
the years 1%9 and 1978. these figures evince a
maximally exposed person receiving .Awhole body
dose equivalent and commitment of 3 rem, and a

NET ExTERNAL
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I%. 3. Totalfcmaie distribution of dose equivalent (during and post residence) or residence
intemtl for inhabitants of Bikini Island, Bikini Atoll.
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~puiation average dose equivalent and commit-
ment of 1.2rem fromman-maderadioactivityon
BikiniIsland.

N.A. GREENHOUSE
R. P.,~ILTENBERGER

E.T. LESSARD
Safetv and Environmental
Protection lluisiun

. L’pfon, LVy I 1973
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experimenters from medical centers. the academic
community and industry is also an integral part of
the ~S~R facility mission. The primary research
toolat [he facility in the Health Physics Research
Reactor (HPRR). The HPRR k a small, Un-
moderated fast reactor which may be operated in
the steady state or the pulse mode (Au65). Since
the HPRR is frequently used for personnel dosi-
metry appiica~ions research. the effective neutron
quality factor(QF)ofthereactorspectrum is of
interest. Quafity factorscalculated by Monte CarIo
methods for the HPRR have been published in this
journal (Mu74: Si78). The effective neutron QF
has recently been measured for the HPRR in the
unshielded condition as well as behind each of
three of the most commonly used shields: 12-cm
thick Lucite, 13-cm thick steel and 20-cm thick
concrete. The measurements are described and the
results are presented below. Three types of detec-
tors were used in the QF measurements:

(1) Sl@OPY-This remmeter is the com-
merciait version of the Andersson-Braun portable
neutron monitor (An64). The sensor is a BF>
counter surrounded by a boron-loaded polyethy-
lene moderator. Details are available in the lit-
erature [Ha75: Te75). The SNOOPY was calibrated
using the DOSAR NSMO ‘2Cf source which
produced 6.45 mremlhr at 1m. This dose rate was
determined from the well-known source flUX using.
a conversion factor of 3 x 10-9 rad . cm:/neutron
(St70) and a QF of9.6$ for the ‘i:Cf.

(2) RD-1-The R.Dl sensor is a 7.3 <m-
diameter spherical ionization chamber filled with
tissue equivalent (TIS) gas and having O.16-cm-
thick walk made of Shonka A-150 TE plastic
(G078). The sensor is part of a new on-line dosi-
metry system$ installed at the DOSAR facility to
monitor experimental irradiations at the HPRR. It
has been calibrated using standard gamma sources
as well as with the accurately known HPRR mixed
radiation fields. The RD.1 sensor measures total
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o

Walmetry Appliadona ResearchFaciIity*

[ (Received 13 July 1979: accepted 17 September

1979)

THE Oak Ridge National Laboratory’s (ORNL)
Dosimetry Applications Research (DOSAR) facil-
ity is used for a wide range of dosimetry studies
by the staff. Research in cooperation with

●Researchsponsored by the Division of Pollu-
tant Characterization and Safety Research, U.S.
Dept. of Energy under Contract W-740S-ENG-26
with Union Carbide Corp.

t Manufacturedby Tsacerlab (Richmond, Cali-
fornia).

$The QF for ‘Cf was determined by multiply-
ing the fsactionat fluence in various energy inter-

vals (!jt70)by the average QF for neutrons of
those energies as reported in Table 2 of NCRP
Report 38 (NCRP71).

!Manufactured by Digital Data Dosimetry
(Tulsa, OK).
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Ah&act—Several publications of [he lCRP and NCRP ([CRP59: fCRPf18:[C RP71;
XC RP77) dexribe mathematical models relatlng toed radionucltde bmfv burden. urlntirv
~ctivltv excretion rate and uptake interval. This paper presents an equation with which
the cons[~n[ daily tictivi[y lnges[lon rate mav be calculated from sequentially ob[alrred
whole bodv cuunting and urtne bioassay data. The model was developed to relate whole
body coun[tng result~ [o urlrmry x[ivl[v excretion data for ‘“C> in the %Iarshaiiese
popul~twn at Bikini l>land for whom accurate dietarv intake and res[dence Interval
inrorm~tlon were nut a~a]iabie. The technique is applicable to rxlioactlvte material whose
btoiogical and physical removtil mechanisms are Iineur tirs[ order processes described by
appropu![e rate constants which give rhe Instantaneous fract!on of acorns transferred from
compartments In [he buclv to urine per un[t time. imd the ]nstantaneuus frac[mn uf atoms
dec~ylng per umt time.

f WRODUCTIO%

lCRP PLBLIC+T!ONIOA(1CRP71)specifically
describes the mathematical modelling used

for several radionuclides. [n these models,
the constant continuous uptake of radioactive
material has been assumed to cease during
the acquisition of the bioassay sample. A

problem arises in the case of environmental
exposures, such as those which occur in the
contaminated atolls of the Northern Marshall
Islands, where activity uptake continues dur-
ing the sampling period.

For at least the past 4 years, the137CSbody
burdens of people living on Bikini Island,
Bikini Atoll have been rising (Figs. 1 and 2) to
levels which have-approached and in some
cases exceeded the nonoccupational maximum
permissible body burden of 110 kBq (3.0 ~Ci)

●Research carried out under the auspices of the
U.S.Dept.of Energyunder Contract DE-AC02-
76CHOOO16.

177

(1CRP65).Previousdietstudies(,WU54;N077)
and ‘3’CSdose estimates performed by Robi-
son (R077) assume a ‘J7CS dietary retake rate
of 1073- I85O Bqd-’ (29-50 nCid-’). Current
metabolic information for‘J7CSpredictsthatan
equilibrium‘3’CSbody burden would be

reached at sufficient time ( - 2 yr) post onset of

constant continuous dietary intake (NCRP77).

Figures I and 2 depict the 1974-78 male

and female ‘3’cs mean b~y burdens (CohT5:

Coh77; .Mi79). The data suggests that the
population mean ‘37CSbody burdens may not
have attained an equilibrium value. The food
product presumed responsible for the dramatic
rise in body burdens, namely, coconut, became
available in significant quantities in 1976. Prior
to this time, the individual body burdens should
have assumed relatively low equilibrium value
forresidentswhosestaytimeon Bikiniwas
greaterthantwoyears.DuringtheApril1978
fieldtriptoBikiniAtoll,whole body counting
and urine sampling were performed on 68 adult
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FIG. 1. ‘3’CS kfeanweighted result and range for adult male Bikinians.

subjects. The following section summarizes

the development of a mathematical model
which relates body burden, urinary activity
excretion rate and daily activity ingestion rate.
An understanding of this latter parameter is
crucial to the predictive modeling of dose
commitments to people living in contaminated
environments such as that at Bikini Atoll.

directlyproportionalto the body burden.
q(t). With [his equation, either q(t) or E(t) (

can be calculated from a single bioassay
measurement provided that ( 1) the mean
residence time of the radionuclide in the
body, which by definition is the inverse of the
total removal rate constant for the radionucl-
ide, is known, and (2) the excretion rate can
be described by a single rate constant.

Similar equations are developed here to
determine the daily activity ingestion rate for
‘~7Csassuming that two compartments m the

body release ‘37CSradioactivity to the utine.
These equations assume a constant continuous
uptake during the whole body count and
urinary sampling interval, and relate the con-
stant continuous daily activity ingestion rate,
A P, to the measured body burden at time of
measurement, and the urinary activity
excretion rate one day later.

The equations have been developed using

W ETHOD

Appendix A of ICRP Publication IOA

(ICRP71) describes the relationship between
body burden, q(f) and activity excretion rate
E(t) at some time t:

.

E(t) = kq(t) (1)... ,

,
,,.

,+.
.>. ..3

.
: .!

where k = the instantaneous fraction of
activity leaving the body per unit time, d-l.

Thus, i??(t),the activity excretion rate, is

. .,
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the following set of definitions and assump-
tions:

Definitions

B/” the number of atoms of species of
concern present in the body at time
of in vivo measurement. atoms

~~ the number of atoms of species of
concern present in compartment i
at time of in uico measurement,
atoms

hi,(t)theinstantaneousnumber of atoms of
the speciesof concern presentat
time f in compartment i, atoms

P, atomintakerateto the i th compart-
ment. atoms d-’

~ the instantaneous fraction of atoms
removed per unit time from com-

partment i to urine by physiological

mechanisms, d-l

A the instantaneous fraction of atoms

removed per unit time by radioac-
tive decay, d-’

qi(t) the instantaneous activity in ~om-
partment i at time t,Bq

E,(t) the instantaneous activity excretion
rate from compartment i at time t.
Bq d-’

X, the fraction of radioactive atoms in
blood reaching compartment i

X{ the fraction of radioactive atoms in
the total body which are in com-
partment i at the time of in ciLlo
measurement

F. fraction of atoms eliminated from the
total body via the urine
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Lr(f) instantaneous urine activitv concen-
tration. Bq 1-’

/, fr~l~~ ofatoms in Cl tract reaching

b’, male or female urine excretion rate. I

,AssumpticK;

dN-=–(A+k, ),4, +~,
Lit

(1)

q(() =z(q, [f)

E= “
kt+A–$

dq (t)
E, (f)= –E*

~)

3)

4)

U(f) U, = F.E(t) (7)

\N4LYTICAL SOLCTION

The instantaneous atom rate of change in
compartment i is describedby assumption1.
Solvingthe differentialequationfor an
analytical solution yields.

N,(t) =N,0e”(A+k)’4 ~ (1 –e-(’+~, )’) (?)

t

and the body burden contribution from the
ith compartment is.

~i(~) = AN,(t) = ANfe-(’+k,)t

AP,
‘( A+k,)

(l - e-lA+~,Jl), (3)

From assumptions 3 and 4. the activity
excretion rate from the i th compartment is

El(t)= A +k,~ P,,N (qy(A +k, )- AP, )e-{A’kl’.
t

(4)

Assuming a two compartment model for
‘37CS,the following values are obtained from
ICRP Publication IOA (ICRP71) and ICRP
Publication 23 (ICRP75):

f, =1
k, = 0.006 d-’

. . .,.. .
,,.’

2 -,’
, ...-

.“, ,.
..”,‘, .. . . . .

,, ~,. :
,, ;,.,.

. . .
.. .~..,

,,, ,. .,
. .

. ...,,,, ,. .
., ~,., ,;..,,

a
.“ .,. !

.,, .

-. ‘.,.
.’,,-,. .

,,’

k? = ().7 d-’
.Y, = 0.85
xl =0.15

. A = 6.33X 10-Jd-’
U, = l,.ll.d-’(male)
L’, = I.Old-’ (female)
F. = 0.9.

Given the previously described ~ssumptions
let t = Id, X~ = I – X;, and X< = 0.002.

Substituting the above values into equation
(4) and summing over two compartments
yields an expression which relates the daily
actlvitv ingestion rate for “7CS to the ““CS
body burden and excretion rate at the times
of counting and sampling respectively. The
daily activity ingestion rate cannot be alge-
braically isolated from the resulting eauation-.
with ease, Therefore the r. h. s. of the equa-
tion is evaluated by using an estimate for this
quantity. This evaluation is compared tothe
urine activity excretion rate and if they are
unequal the r.h. s. is reevaluated after changing
the estimate for the activity ingestion rate. The
process is repeated until the evaluationof the
r.h.s. and the urine activity excretion rate differ
by less than O.1%. Table I lists the individual
daily activity ingestion rates as calculated by
this method.

RESULTS AND DISCtXSION

lf the loss of ‘37CS via perspiration and
(

insensible losses is neglected during the
counting interval and a 24-hr urine sample is
begun immediately after counting, then there
exists a mechanism to calculate the uptake
during the 24-hr sampling period without full
knowledge of the uptake interval.

Of the 68 urine sampies collected in April
1978. only 26 samples were determined to be
of sufficient volume to be considered 24-hr
samples.The measured daily excretion rates.
measured body burdens and calculated daily
activity ingestion rates are presented in Tabie
1. The total error on the body burden
measurement is estimated to be ~ 2590 while
the error on the excretion values exclusive of
sampie fluctuations is = 10%0. The mean daily
ingestionrateas calculatedfrom thebody
burdens and excretion rates in Table 1 is
2100 Bqd-’ (57 nCi d-’).
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6061
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F

F

n
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n

n
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H

n

n

H

n

M

H

F

n

137
Cs Body Burdeu

3.8 X 104 Bq(l. O @I

6.5 X 104 Bq(l.8 ~CI

7.8 X lo4 Bq(z.1 @L

7.7 X 104 8q(2.1 @I

11 x 104 Bq(3. O ~Ci

5.5 X 104 Bq(l.5 @I

21 X 104 Bq(5.7 @L

13 x 104 Bq(3.5 ~Ci

6.9 x 104 Bq(l.9 pCi

7.1 X 104 Bq(l.9 @l

15 x 104 Bq(4. O ~Ci

9.0 x 104 lIq(2.4 pCi

3.9 x 104 Bq(l.1 ~Ci

8.7 x 104 Bq(2.4 pCi

12 x 104 Bq(3.2 pCi

8.2 x 104 Bq(2.2 ~Ci

8.7 x 104 Bq(2.4 uCi

111
Ls lhIIly U8tne

137
L* IJdlly

Acltv~Lxcretlon Kdte Acl IvIL~ ln~estlun Udle—— --- ——— .- -— —_. --———- . .

25(I mqfll (0.8 nclld

6S0 tIq/cl (18 nCt/d
>00 Bqld (14 [IL I/d
360 Bq/d (9.7 nL1/d
410 l!q/.i (13 nC, /d

540 Bq/d (I5 nCi/d

1900 8q/cl (51 nC1/d

810 Bq/d (22 nCi/d

270 8q/d (7.3 nCbld

310 B.a/d (8.4 nC!/d
&i5(J Bq/d

&160 Bqld

950 Uq/d

1600 8q/d
5B0 Bqld
520 Bqld

1000 bqld

310 bqld (8.6 Ilclld

~bll~ 8q/d (Y) nL1/J

4)11 Bold (I3 nUt/d
-- Bq/d (-- ncl/d
. . Bq/J (-- nL, /d

2900 Bq/d (7b nC1ld
8900 8q/d (240 nL1/d

450 Bq/d
-- mqld

-- Bq/d

8q I d

44(KI bq/d

(12 nCi/d
(-- nC, /d
(-- Ilclld

23 nC1/d (-- nC1/d
2> rlC1/d 120 nL1 /d)
26 nCi/d) 99UIJ Bq)d 270 nL1ld)
43 nC, /d) 15000 8q/d 400 nCt /d)

16 nC1ld) . . Bq/d (-- nC1 /d)
14 nCfi/d) 4(3(J 8q/d ( .- [, C)/d)

21 nLI/d) bbOO t!qid Itm nctld),-.
6045 F 4.3 x 10* Bq(l.2 ~Ci)

6076

630 Bq/d (17 [\ Cl/d)

H

5100 Bq/d (140 nL, {d)
13 X 104 Bq(3.5 ~CI) 940 I!qld (25 nCi/d)

6059
2200 LIqlli

F
(bLl nL1/d)

3.2 X 104 Bq( .86 @L) 280 Bq/d (7.6 nC1/d)

6115 F

1100 8q/d (J2 nCi/d)

8.4 x 104 Bq(2.3 ~Ci) 390 8q/d (11 nC1/d)
6111

-- bqld
F

(-- nL, /d)

4.9 x 104 BQ(l.3 ,,Ci) 710 Ba/d (19 nCi/d) 510(3 Bq/d (1>0 nL1/d)

6122 F 4.9 x 104 &(l.3~Ci) 330 1$~/d (b.9 nC1/d)
6108

510 lJ;/d
F 2.7 x 104 Bq( .73 pCi) 260 Elqld (7.0 nCt/d) 1400 Bq/d

6065 F 3.9 X 104 Bq(l.1 ~CI) 130 8q/d (3.5 nC, /d) --

6035
Bqld

F 10 x 104 Bq(2.7 l,Ci) 500 8q/d (I4 nCt/d) -- Bq/d
●ean M,F B.1 X 104 Bq(2.2 ~LI) 640 Bq/d (I7 nL1/d) 2100 Bq/d

me●n n 10 x 104 uq(2.7 ~cl) li20 Bqld (22 nC, /d) JIOO t.lq/d

●ean F 5.7 X 104 Bq(l.5p C1) 430 8q/d (12 nC1/d) 12U0 Bq/d

.

14 nCt /d)
3(I ri.lld)
-- nCi /d)
-- nL&/d)
>) nLtld)
84 nCtld)
J2 ntikld)

...
-;. ... ... ~.,.,.,r- . .

.- . . ...” .,.... . . . . . .
q

% ,.,..,; -
-,.
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Tub/e 2. 1974 Fotul bodv uclicirw ucliuirv e.rcreflon und ucficlrv in~estion rafes

137
Cs Dally Urtne

137
137 CS Dally AC CIVICy

ID f sex CS Body Burden Activicy Excrec Lon Race
. [ngescton Race

B1 F 2.2 x 103 Bq( .059 UCL) 19 Bq/d (510 pCL/d) 81 Bq/d (2,400 pCi/d)

Bll H 5.8 x 103 8q (.16 -Ci) 88 Bqld (c2, LO0 pCi/d) 750 Bq/d (20,000 pcL/d)

B35 M 3.4 x 103 Bq( .092 -CL) 52 Bq/d (1,+00 pCL/d) 430 Bq/d (12,000 pCi /d!

344 F 3.4 X 103 Bq( .092 -cl) 12(3 Bq/d (3,200 PC1/d) 1400 Bq/d (34,000 pC1:d)

B&5 $! 62 ~ 103 Bq (.17 uCi) 83 Bq/d (2,200 pC1/d) 630 Bq/d (17,000 pCL/d)

B51 x 8.2 x 103 Bq (.22 uC1) 31 Bq/d (840 pCi/d) -- Bq/d ( — pC1/d)

❑ean M+F 4.9 x 103 Bq (.13 vCi) 66 Bq/d (1,800 pC1/d) 500 Bq/d (14,000 pC1/d)

This is greater than the previous estimate calculated from available data for 1974
of 1073-1850 Bq d-’ (29-50 nCi d-’)(Ro77) and (Con75). This value indicates the availability of
indicates [hat the dietary model currently used dietary items containing l“CS at this time.

to predict the dose commitment under- Appropiate changes in the uptake reg}me
estimates the intake of ‘]7CSby ingestion. used for internal dose calculations have been

Table 2 shows the mean daily ingestion as made to reflect the increasing uptake exhi-

Table 3, Sequential urine activitv concentrations lor ‘“CS and ‘“K in skle
coifi samples

ID 8

6118

!,

!,

!,

,,

6112

!,

,,

,,

,,

6064

,,

,,

,,

,,

Sample

Date

1-23-79

1-25-79

1-26-79

1-27-79

1-28-79

1-22-79

1-23-79

1-26-79

1-27-79

1-28-79

1-22-79

1-23-79

1-25-79

1-27-79

1-2S-79

137ca

121 Bq/9, (3280 pci/t)

119 Bq/t (3210 @i/g)

79.2 Bq/L (2140 &i/t)

148 Bq/f (4010 pci/t)

182 Bq/L (4910 pCi/L)

72.2 Bq/t (1950 #i/t)

298 Bql& (8060 pCi/i,)

229 Bq/1 (6190 #i/l)

179 Bq/t (4850 pci/1)

234 Bqit (6330 $1/1)

66.2 Bqlt (1790 Kiit)

55.1 Bq/1 (1L90 pCi/t)

90.7 Bq/f (2450 pCi/1)

77.7 Bq/g (2100 pCi/;)

77.7 Bq/f (2100 #i/t)

ho=

83.6 Bq/L (2250 pCi/L)

34.4 Bq/t ( 930 pCi/L)

43.3 8q/L (1170 pCilt)

38.9 Bqi L (1050 pCi/t)

57.4 Bq/t (1550 #i/t)

35.8 Bq/L ( 968 #i/t)

72.9 Bq/f (1970 pCi/g)

56.2 Bqit (1520 pCi/t)

109 tlql i (2950 pCi/t)

65.5 Bq/L (1770 &i/L)

54.0 Bq/L (1460 @i/L)

43.7 Bq/L (1180 pCi/L)

41.8 Bq/L (1130 pci/L)

54.4 Bq/L (1470 pCi/i)

38.9 Bq/L (1050#i/L)

.;
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blted by the Bikinians during their residence

interval (Gr79).

Fluctuations in an individuals urine

activity concentration will have significant
impact on the daily activitv ingestion rate
determined bv [his method. A low urine
activity concentration will cause the daily
activity ingestion rate to have a negative
value, This implies [hat the body burden
alone without activity production should be
eliminated through the urine pathway tit a
higher concentmtion than is measured. The
true value for the daily activity ingestion rate
for an individual may be estimuted with
greater accurucv by collecting sequential
single void urine samples and averaging. An
example of fluctuation in sequential urine
activity concentrations for‘3’CSand ‘K are
presented in Ttible 3. An estimate of the true

value for the daily activity ingestion rate for a
population can be obtained by using the mean
value for body burden and urine activitv

concentration for a group of similar in-
dividuals as done in Tables 1 and 2.

[n summtirv. the equations presented here

provide a \imple technique to determine the
daily ingestion rate of an individual exposed
to a constant continuous uptake of radioac-
tive material from direct measurement of the
body burden and excretion rate. Once the
daily ingestion rate IS calculated, it can be
used to verify the accuracy of dietary
pathway principles. These equations can be
applied to any radionuclide whose biological
and physical removal mechanisms are linear
first order processes.
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WHOLE BODY COUNTING RESULTS.

FROM 1974 TO 1979 FOR BIKINI

ISLAND RESIDENTS*

R. P. \lll.TENBER(; ER. Y. .A. GREENHOUSE and E. T. LESSIRD

Stife[vand En\ironmentol Protection Division. Brookhaven ?JaIionai Laboratory, Upton,
NY 11973

(Rtceiued 1 .tfuy 1979; uccep[ed 10 December 1979)

\bstract—Three body burden measurements of the Bikini [slam-f populti[ion were con-
duc[ed from 1974 [o 1978 at Bikini Island. During fhi~ time, [he mean “-CS bocfv burden
of the Jdul[ Bikini population Increased by a fiic[or of 20. This drama [[c elevatton of [he
body burden appeim to be solely attributable to increased availability of locally grown
food products. specifically coconuts and coconut plant products. [n January 1979, 45% of
the Indl\lduals [hat were whoie bodv counted in April 1978 were recounted approx. 145
Lfav5 ~ftertheBikim Island population departed from Bikini .Atoil. These results show
(hut the .dult popultitwrt “7CS bodv burden decreased by a factor of 2.9 between the
April 1978 and J2nuary 1979 in L,iuo measurements.

ISTROC)t,’CTlON

BIKINI ATOLL was one area used by the U.S.
Government to test nuclear weapons from

1946 to 1958. Prior to commencement of the

testing program. all Bikini Atoll inhabitants

were moved tirst to Rongerik Atoll and then

finally to Kili Island. On I N4arch 195d a

thermonuclear device. code named Bravo,

was Lfetonated at Bikini Atoll.

The radioactive cloud from this test moved
eastward depositing fallout on several of the
Northern Marshall Island Atolls: Bikini Atoll
(all Marshallese inhabitants had been moved),
Rongeiap with 64 people, Ailinglnae with 18

people. Rongerik with 28 people and Utirik
with 157 people. The Japanese fishing boat
Fukurju-kluru (Lucky Dragon) with 23
fishermen aborad was also contaminated

(Con75).

The exposure of individuals to radioactive
fallout &24 hr post detonation of “Bravo”
resulted in external total body gamma dose
equivalents ranging from 20 to 200 rem (Con
75). This incident initiated the involvement of

*Research carried out under the auspices “of the
U.S. Dept. of Energy under Contract DE-AC02-
76CHOOO16.
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Conard et ai. who for the past 24 years has been
responsible for the ongoing medical surveil-
lance of the inhabitants living on the con-
taminated atolls. those ,Marshallese who were
initially exposed to the fallout and have been

moved. and to a control Marshallese popu-
lation.

The medical history by R. A. Conard in-
cluded total body burden measurements of
radioactive material inhaled or ingested by
the Marshallese. This work was performed by
Cohn ef al. (Coh63: Con75).

Rehabilitation efforts of Bikini Atoll began
in 1%9 which required persons to reside on
Bikini Island. By April 1978, the population
numbered 138 persons and consisted of
caretakers and agriculturalists employed by the
TrustTerritoryplus other Bikini famiiies who
found their way back via Trust Territory
trade ships. This population remained on
Bikini Island until they were relocated in
August 1978 to Kili Island in the southern
Marshalls and to Ejit Island, Majuro Atoll.

During the rehabilitation and repopulation
years, the medical services provided by
Conard and the Brookhaven Medical Team
were expanded to include sick call and body
burden measurements. Body burden
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measurements were made in 1974 (Con75)
and in [977 (Coh77). [n .August 1977. the

responsibility for providing body burden
measurements was transferred from the

Medical Department to the Safetv and
Environmental protection Division at Brook-
haven National Laboratory. The 1978 and
1979 body burden measurements of the Bikini
population were conducted by the latter
organization.

In this report, the results of four whole
body counting measurements on the Bikini
population that were conducted in 1974 and
1977-79 are presented. Because the body
burden measurements were performed by
two different organizations. the current
experimental design included a cross check
mechanism to ensure that previous and cur-
rentresultsaredirectly comparable. The ap-
proach to the problem was multidirectional.
First, key detection components were dupli-
cated. Second. the systems were calibrated in
the same manner (Coh63). Third, the opera-

tional procedures and counting geometries

were basically similar, and an intercom-
parison study was conducted using Nlar-

shallese and Brookhaven personnel to ensure

system Comparability

EXPERIMENTAL DESIGN

Instrumentation
The detector chosen for field use by both

Brookhaven organizations is a 28-cm-
diameter, 10-cm-thick, sodium iodide thallium
activated scintillation crystal NaI(Tl).ltis
opticallycoupledtoseven.7.6-cm-diameter
low backgroundmagneticallyshielded,pho-
tomultiplier tubes. In the current system the
signal output from each photomultiplier tube
is connected in parallel through a summing
box with the combined output routed to a
preamplifier-amplifier and then to a
microprocessor-based computer/pulseheight
analyzer (PHA). The PHA data is stored on a
magnetic diskette, and the results may be
analyzed either in the field or at BNL using a
matrix reduction, minimization of the sum of
squares technique (TP76).

Calibration
Analysis of NaI(Tl) spectra by the matrix

reduction technique requires that the com-
puter library contain a standard for
each radionuclide that is expected in the field
measurement ~nd that the field measure-
ments and standards have the same geometry.
To accomplish this, a review of the pre-

vious whole body count ingdata(Con75: Coh77)
indicated the need to caiibmte for ‘°K. ‘iOCo
and “TCS. The current system was calibrated ,
using an Anderson REMCAL phantom
(Coh63). Each radionuclide wus introduced
into the phantom’s organs in an amount t
equivalent to the fraction in organ of
reference of that in total body as defined by
the lCRP in Publication2 (1CRP59).To
verify the activity in the phantom prior to use
as a standard, an aliquot of the phantom
solution was counted on a lithium drifted
germanium detector which was calibrated
with NBS standard sources.

The phantom was then counted in a
shadow whole body counter (WBC) (Pa65).
The whole body counting system consists of
a stationary crystai and stationary bed. The
counter detects radioactive material located
principally in the thorax, so positioning of the
phantom and the in civo counting subjects
must be as similar as possible. To facilitate
reproducible counting geometries, each sub-
ject and the standard phantom was positioned ,
such that the central axis of the crystal inter- (
sected the central axis of the body about
25 cm below the sternal notch. The distance
between the surface of the bed and the bot-
tom of the detector is 32.4 cm. The total
system etliciencies for ‘OK,‘Co and ‘37CSare
listed in Table I as are typical minimum
detection limits for these nuclides.

Quality control
Thequalitycontrol(QC)programconsisted

of a cross comparison of the radionuclide (
quantities estimated to be in the phantom
voiume vs NBS calibration standards.
Agreement between these two activity con-
centrations is within z5?Z0 for all radionucl-
ides. Other quality control mechanisms
employed were repetitive counting of secon-
dary point sourcestandards,multiplecounts
of Brookhaven personnel, repetitive counting
of the Marshailese (blind replicates) and an
intercomparison study.

1
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T{ible 1. .Sue?smurv of fv.~rem q$ckncv msd \lDLS for field W13c svstem

Nuclide Energy Efflciencv MDL TIme

137cg
662 KeV 8.7 X 10

-3
37 Bq (1 nCi) 900 sec

60C 0 1173 & 133/+ KeV 6.7 X 10-3 37 Bq (1 nCi) 900 sec

40<
1460 KeV 7.0 x 10-3 222 Bq (6 nCi) 900 sec
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Two point sources were used in [he QC
program. .4 ‘“CS source. which had been
used by the BNL medical surveys in previous
yeary. was used to monitor changes

in system resolution and efficiency as func-
tion of time. A second source, a ‘37CS+ ‘Co
point source, was used for zero and gain
determination.

Replicate counting of Marshallese was

conducted on 570 of the subjects. Results

indicate that the data obtained from the field

whole body counting system is reproducible
to within plus or minus 6 percent. Almost all
of this error is due to the variability of sub-

ject position. When subjects remain

stationary, the difference between sequential
results is 170.

An intercomparison of whole body count-
ing systems was conducted between the field
system and the whole body counter operated
by S. Cohn for the Brookhaven Medical
Department. Persons used in the study in-
cluded nine Marshallese with measurable
‘37CS body burdens plus six Brookhaven
employees with current whole body counting
records at the Medical Department. The
results of the study indicate that ‘37CSand the
potassium body burdens which exceed the
minimum sensitivity of both systems are in
agreement to within ~ 5%.

RESULTS

Table 2 is a summary of the whole body
counting data for‘37CSbody burdens. Adult
individuals were measured in 1974 (Con75),
1977 (Coh77), 1978 and 1979. It represents the
mean, standard deviation and ranges of
values obtained from the sample population.
There is a general increase in the body bur-
dens of adult males from 1974 to 1977 by a
factor of 13.3, and from 1977 to 1978 by a

factor of 1.8. The general increase for adult
females from 1977 to 1978 was slightlv higher
than that for males over the same period. [n
most cases, the 1979 data are significantly
lower than the 1978 data with an average
reduction in the ‘37CSbody burden by a factor
of 2.9.

It must be noted that data for adults repor-
ted in Tables 2A are uncorrected for height
and weight differences between subjects and
the phantom. This will have a minimal effect

on adult data ( < 15$% possible error) (Mi76).
Body burdens of the children and adolescents
reported in these tables have been corrected
for geometric differences between adult
standard man and the average Marshallese
child.

Table 3 represents the mean, standard
deviation and range of ‘Co body burden
reported in 1978 and 1979. In prior years, ‘Co
was detected but body burdens were not
computed due to the insignificant contribu-
tion of ‘Co to the total body burdenrelative
to ‘37CS.Table4 presentsthemean,standard
deviationandrangeofbody potassium masses
reported from 1974 to 1979.

Table 5 compares the observed reduction
in ‘37CS body burdens from April 1978 to
January 1979 with the reduction in ‘37CSbody
burden that was expected as a result of relo-
cating the BikiniPopulationinlate,4ugust
1978.Valuesfor the expected biological
removal rate constants were obtained from
NCRP Report52(NCRP77)and lCRP Pub-
licationIOA(ICRP71).

RESULTSANDDISCUSSIONS
The whole body counting data indicate that

previous estimates of the type of food and
amount of various components in the Bikirti
diet did not adequately describe the dietary
patterns that existed between 1974 and 1978.
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Tdde 2. S4mmurv ()/ ‘“CShdv Irurdpn$

Aduit Male

.
‘,

‘1..,
-i

1
s

“;2!

Ran~e of
Wmber 13, C5

Counted Results

Adult Fema :e

Male Children

11-i5yrs

i.6 kBq

(0.0+3 “cl)

to

15 kBq

(0.40 IJcl)

0.67 kBq
(0.018 Uc

to
9.3 kBq
(0.25 !JCL

No

Female Children O ND

11-15 yrs

kale Children O ND

5-10 yrs

)

?te an Range ai
137c~ Number 13/c~

Result Ccmnted Results ,

1974(5) 1977(5) 1977(s)

4.7kBq 22

(0.13 #cl)
.

3.4’k Bq

(.093 IJC1)

2.7 kBq 20
(0.073 #cl)

t
2.3 kBq

(0.063 uCi)

ND 3

m

ND

ND

3

0

21 kBq

(0.57 Ucl)

to

120 kBq

(3.2 UC1)

2( .kBq

(0.53 UCL)

to

83 kBq

(2.2 JCL)

2i+ kBq

(0. b5 PC, )
to

39 kBq

(1.0 !JCl)

20 kBq

(0. S6 !JCL)

to

3S kBq

(0.94 ilcl)

m

Female Children O m
5-10 yrs

o ND

!’
.
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for Bikin( irfhdlrifanrf 1974-79

Hean Range of Mean tinge of Mean
i37c~ !dumber

Result Counted

1977(5) ;978

48 kBq

(1.3 UCL)
~

27 kBq

(0.73 UCL)

137C* 137~~ Number 137c~ 137c~

Results Resuit Counted Results Result

i978 t978 1979 1979 1979

17

lb

4

2

12 kBq

(0.32 uC, )

co

89 kBq

(2.4 UCi)

2.2 kBq

(0.060 DCk)
co

36 kBq
(0.98 UC1)

37 kBq

(1.0 LCL)
~

19 kBq

(0.51 UCL

lb kBq

(0.44 ilcl

t

8.9 kBq

23 kBq

(0.03 Ucl)

to

220 kBq

(5.9 LCi)

90 kBq

(2.4 @cL)
~

49 kBq

(1.3 PCi)

34 kBq

(0.93 Ucl)
~

17 kBq

(0.47 ml)

15 kBq

(0.41 UCL)

[0

200 kBq

(5.5 >CIJ

62 kBq
(1.7 MCL)

:

37 kBq

(1.0 Ucl) (0.24 uCi)

10. kBq

(0.27 UCi)
*

12 kBq

(0.33 .Cl)

7.8 fiaq

(0.21 PCi)
~

3.1 k3q

(0.080 uCi)

27 kBq

[0.73 ~Ci)

53 kBq

(1.4 UCi)

2.0 kBq

(0.055 UC]

to

28 kBq

(0.76 lJCi

5.6 kBq

(0.15 PCi

to

10. kBq

(0.27 UCi

*
21 kBq

(0.56 JCL)

46 kBq

) (1.3 LIC1)
~

25 kBq

(0.66 UCi)

[0

77 kOq

(2.1 UC1

28 kBq

(o.;& UC,

to

76 kBq

(2.1 Jcl

25 kBq

(0.68 UCL)
f

8.5 iBq

(0.23 PC1)

37 kBq 50 kBq

(1. O’uCi) (1.3 Ucl)

co ~

64 kBq 7.6 kBq

(1.7 UCi) (0.21 !JCi)

20. kBq 47 kBq

1 5.9 kBq 5.9 kBq

(0.16 UCi)
m

(0.16 uCi)

1.6 kBq6 4.4 kBq

(0.12 UCi)

ND
,’;

(0.54 UCi) (1.3 IJCi) (0.042 UCi)

9.6t:Bq

(0.26 uCi)

3.0fkBq
(0.080 uCi)

~
92t:Bq 21 kBq

(2.4 uCi) (0.56 ~Ci)

.
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400 WHOLE BODY COUNTING RESLTLTS FROM 1974 TO 1979

T~hle 2, (Con(d)

Ran e of 14ean Range of

Number 137C5 137c~ Number 13/c~

Counted Results Result Counted Resuits

Poplat Lon 1974(5) 1974(5) 197’4 (5) i9771.5) 1977(5)

All Adults 31 0.67 kBq 3.9 kBq 42 20. iBq

(0.018 UCL) (Oil LICI) (0.53 UCi)

to * to

15 kBq” 3.1 kBq 120 kBq

(0. LO @i) (0.085 zCi) (3.2 UCL)

AI I Children o ND m 6 20. kBq

(0.56 uCi)

to

39 kBq

(1.0 UC1

Total Average 31 0.67 kBq 3.9 kBq 48 20.kBq

(0.018 ~Ci) (0. li uCl) (0.53 I.lc

to t to

15 kBq 3.1 kBq 120 KBq

)

(0.40 pCi) (0.085 uCi) (3.2 UC1)

ND-No Data available for the specific column.
( I ) One adult, counted at Bikini. was a visitor from Rongelap Atoll. He

remtiined on ship with our staff while at Bikini and re[urned to Ebeye with us.

Hisbody count was not used in this table.
(2) One male child in this age group was counted twice to determine what

effect showering prior to the body count had on [he final result. Only one result
was used for this individual since both results were similar.

(3) A six month old child’s data has not been included “in this table and
category due to the difference in geometry between a baby and our
calibration phantom.

(4) The [978 mean value for all individual count includes the 5-10 year
age group while the 1977 mean value has no representation in this sample
section and the 1974 mean value has no child representation.

(5) The 1974 (Con75) and 1977 137CS body burden data were obtained
from S. Cohn. Brookhaven National Laboratory, Medical Department.
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Mean Ran e of He an
137c~

Ran e of Mean

Number 13?c~ 137C= Number 139c~ 137c~

Result Counted Results Result Counted Results Renult
1977(5) 1978 1978 1978 1979 1979 i979

42 kBq 68 15kBq 77kBq i 33 2.2 kBq 27 kBq
(1.1 UCi) (0.61 uCi) (2.1 BCi) (0.060 UCL) (0.73 IJCI)

t to * to t
24 kBq 220 kBq 46 kBq 89 kBq 18 kBq
(0.64 uCi) (5.9 uCi) (1.2 !JCi) (2.4 l.iCi) (0.49 UCi)

28 kBq 31 20 kBq 50 kBq 13 1.6 kBq 8.3 kBq

(0.75 uCi) (0.54 uCi) (1.4 PC, ) (0.042 UCi) (0.22 pCi)

i to t to ~

7.8 kBq 92 kBq 18 kBq 28 kBq 7.8 kBq

(0.21 PCL) (2.3 ~Ci) (0.49 l.ICi) (0.76 uC,) (0.21 UCi)

LO kBq 99 15 kBq 68 kBq 46 1.6 kBq 22 kBq

(1.1 UCA) (0.41 vCi) (1.8 uCi) (0.042 UCi) (0.59 uCi)
f to t co f

22 kBq 220 kBq 38 kBq 89 kBq 18 kBq

(0.61 UCL) (5.9 DCi) (1.0 uCi) (2.4 UCi) (0.49 UCi)
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WHOLE BODY COUNTING RESLrLTS FROM 1974 To 1979

Table 3. Summary of *Co bodv burdens

Ran e of

Number 8b co

Counted Result
Population 1978 1978

Adult ?lale 36(1)

Adu 1 t Fema le

!’idle Liiildren

11 - 15 yrs

Female Children

11 - 15 yrs

Male Children

5 - 10 yrs

Female Children

5- 10 yrs

All Adults

A21 Children

6(2)

3

53 Bq

(1.4 nil)

to

550 Bq

(15 ncl)

47 Bq

(1.3 ncl)

to

400 Bq

(11 ncl)

44 Bq

(1.2 nCl)
to

130 Bq

(3.5 ncl)

49 Bq

(1.3 nCi)

to

96 Bq

(2.6 nCi).

8(3) 36 Eiq

(0.98 nCi

to

99 Bq

(2.7 IICL

13 Bq

(0.35 nC

to

240 Bq

(6.6 nCi)

68 47 Bq

(1.3 nCi)

55;0Bq
(11 nCi)

)

31 13 Bq
(0.35 mCi)

24bq
(6.4 nCi)

Total Average 99 13 Bq

(0.35 nCi)

to

550 Ba
(11 nci)

(See Table 2 For Explusaciors of Footnotes)
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for Bikini inhabitants 1978 and 19?9

He an Ran e of
bOco %

Yean
?wmber 0 co Ollco

Result Counted $esuit Resuic
1978 1979 1979 !979

190 Bq

(5.3 ncl)

:

130 Bq

(3.4 nCl)

120 Bq

(3.2 nC, )
:

71 Bq

(1.9 nCl)

92 Bq

(2.5 nCi)
~

40 Bq

(1.1 ncl)

76 Bq
(2.1ncl)

~

24 Bq

(0.66 nCL)

63 Bq

(1.7 ncl)
~

23 Bq

(0.67 nCi)

78 BQ

(2.1 nCi)
t

68 Bq

(1.8 nCi)

160 Bq

(4.3 nCi)

t

110 Bq

(3.0 nCi)

77 Bq

(2.1 nCi)
~

51 Bq

(1.4 nCi)

17 25 Bq

(0.67 nCL

to

120 Bq

(3.2 nCL)

12 Bq

(0.32 nC,

to

93 Bq

16

4

2

(

(

1

(2.5 ncl)

19 Bq

(0.5 nCi)

co

78 Bq

(2.1nCi)

33

11

44 Bq

.2 nCi)

co

52 Bq

.4 nCi)

13 Bq

)

(0.35 n~i)

co

22 Bq

(0.59 nCi)

12 Oq

(0.32 nCi)

to

120 Bq

(3.2 nCi)

13 Bq

(0.35 nCi)

to

78 Bq

(2.1 nCi)

130Bq
(3.6nCi)

t

100 Bq

(2.8 nCi)

44 12 Bq

(0.32 nCi)

to

120 Bq

(3.2 nCi)

. . ... ,. ..... . . ..’.1

81 Bq

(2.2 ncL
~

28 Bq

(0.77 ncl

52 Bq

(1.4 ncl)

(0.59 nCl)

52 Bq

(1.4 nCl)
~

29 Bq

(0.78 nCi)

48 Bq
(1.3 nCL)

~
5.2 Bq

(0.14 nCi)

34 Bq

(0.91 ncl)

17 Bq

(0.46 nCi)

3.; Bq

(0.1 nCi)

67 Bq

(1.8 nCl)
~

29 Bq

(0.79 nCi)

37 Bq

(1 ncl)

:

23 Bq

(0.62 nCi)

60 Bq

(1.6 nCi)
~

31 Bq

(0.83 nCi)
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WHOLE BODY COUNTING RESULTS FRO.M 1974 TO 1979

Tub/e 4. Summurv of h{)dv P,)fasslum mu}j /’,,r

Range of Mean Range of
Number POtass Lum Potassium Number Potassium

Counted Result Result Counted Xesult
POpulatl On 1974(5) 197 L’.5) 197&(5) 1977(5) ig77(5)

Adult Male 18 130g

to

2oog

160g 22
:

19g

120g

co

170g

86g
to

Ilog

84g

co

96 g

&g

co

91g

No

ND

86 g

to

17og

E14g

to

96g

84g

Aduit Female 13 59g

to
hog

93g 20
t
16g

Male Children f)

11 - 15yrs

Female Children O

m ND 3

Ml ND 3
11 - 15 yrs

%le Children

5 - 10 yrs

Female

ChLldren

5-10 yrs

All Adults

Al1 Children

Total Average

o

0

31

0

11

No

ND

ND

m

o

0

59g

co
130g 42

.
Zoog 35g

ND 6

,

No

59g
,’

130g 48
to

2oog hg
to

0
170g

See Table 2 for Explanation of Footnotes .,-,
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Mean Range of Mean Range of Xean
Potassium Number P0ca9s Lum Potassium Number P0tas51um PO Casslum

Result Coun ted Resuit Result Counted Result Result
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406 WHOLE BODY COUNTING RESULTS FROM 1974TO 1979

A Description Persons Factor

:
.;’ Expected Reduction Factor for Adult Males

(1)
NA 2.4

Observed Reduction Factor for Adult Bikini Males 17 2.3.,.
Expected Reduction Factor for Adult Females

(2)
,4 NA 3.5

Observed Reduction Factor for Adult Bikini Females 16 3.8

,i

Expected Reduction Factor for Children Ages 5-14
(2) ~

5.9

Observed Reduction Factor for Children Ages 5-14 12 12.

(1) Effective half time obtained frcm ICRP Publication 10A (ICRP 71).

(2) Effective half time obtained frmn NCXP Report 52 (NCRP 77).

As certainlocal food crops, coconuts, became
available in 1976, they were incorporated into

the diet in the form of jekaru (the watersapof
thecoconuttree) jekomai (a syrup concentrate

made from jekuru ) and ni (drinking
coconuts). The maturation time of the coconut
tree is 5-7 yrs. Consequently, one could expect
to observe a steady increase in the ‘37CSbody
burden through 1978 at which time a peak
body burden would be reached. Com-
parison of the observed reduction in the ‘37CS
body burden from 25 April 1978 to 24 January
]979withtheexpectedreductionin the body
burdens from 1 September !978 to 24 January
1979 yields almost identical results for the adult
male and adult female groups as shown in
Table5.ThisimpliesthattheBikinipopulation
nearequilibriumwiththeirenvironmentand
thatthe body burdens on 1 September 1978
were not significantly different than those
measured in April 1978. The child data do not
agree with the expected values: however, the
difference is not beyond the range of half-times
listed in NCRP Report52(NCRP77).Although
thereportlistsa mean half-timeforchildren
ages5-15,itdoesnotspecifytheagedis-
tributionof thesample.Most of the Bikini
children (9) were in the 5-10 yr category;
hence. one would expect the observed reduc-
tion factor for this group to be somewhat
higher than the expected value.

..

Although the data indicates that the ‘J7CS
body burdens did not increase between April
and September 1978, this is not assurance that
the body burdens would not have increased
when new dietary items like pandanus and
breadfruit became available for daily con-
sumption.

Furthermore, while the population may have
been near equilibrium with their April-Sep-
tember dietary uptake, individuals within the
population may not have been. Thiswas ap-
parentintheadultmale.‘37CSbody burden
datawhere two individuals show no decline in
activity between ApriI 1978 and January 1979
whole body count. In one case, the individual
was present on Bikini for only 5 months prior to
the April 1978 count. This places the individual
at approx. 6(I% of his equilibrium body burden
value. In the second case, there seems to be no
clear explanation for the lack of any reduction
in the body burden. Several possible explana-
tions include: (1) the individual may have lived ‘
away from Bikini prior to the April count;
hence,equilibriumwasnotestablishedatthe
timeofcounting,or(2)theindividualchanged
his diet pattern between April and September.

These deviations from the norm do not alter
the conclusion that equilibrium or near equili-
brium had been reached for the population as a
whole for “7CS. Indeed, they illustrate varia-
tions about a mean value.
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FinalIv, the individual data. not prc~entc~
here. clearlv illustrates that at least 19% of the

Bikini residents would have receivedannual
doseequivalentsinexcessof5 mSv (0.5rem)
due to the ingestion of ‘“CS had the April 1978
activityingestion rate of ‘3’CScontinued. This
dose equivalentleveldoesnotincludethedose
equivalentfrom externalradiationor other
internallydepositedradioactivematerial.
Removal of the Bikini population from Bikini

Atoll eliminated the !37CS sourcetermfromthe
dietand limited[hedoseequivalentreceived
by thispopuia[ion.

Acknowledgement—We would like to express our

sincere appreciation to Stanton H. Cohn.Ph. D..
Brookhaven National Laboratory, Medical
Department, for his advice and assistance during
the initial setup. preliminary operations and trans-
ferofresponsibilityfor bioassay services to our
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.USTUCT

Residents of Bikini Atoll we:e moved from their home Atoll on 31 August

1978. Siace that time, they have been relocated eithe: to Zili Island, or to

%ajuro and Eji.tIslands at Majuro Atoll. h%ole body counting and urine bioassay

were performed on this population ia January and May 1979, and body burdens for

nuclides positively identified *~eredetermined from both techniques. Data from

these measurements have been used to calculate long tem biological removal rate

constants for 137
Cs and

60
Co and to relate the long term rate constant for 137c~

to tOtal body USS-

2 (: }



, ●

L~ODUCTION

Body burden measurements performed on the 3ikini Island population in 1978

(lfi79)and extezztalexposure sumeys conducted in 1975 (Gu76, Gr79a) of Bikini

Atoll provided data which indicated that many of the individuals living on

3ikini Atoll would receive an annual dose equivalent in excess of 5 mSv (.5 rem)

(Gr79b).

This inforntacionwas reported to the United States Departments of Energy

and Intezior. The decision was made by the latter agenc~ to relocate the 3ikiai

Atoll population. This action was accomplished between

former Bikini Atoll residents were moved to ICiliIsland

Islands, and to Majuro or Ejit Islands ia Majuro Atoll.

Energy, responsible for the radiologic follow up of this

tlhatwhole body counting and urine bioassay measurements

August 28-31, 1978. The

in the southern Marshall

The Department of

population, requested

be made on this

population at approximately six month intervals for the first year to confirm

the elimination rates of radioactive materials in order to accurately assess in-

ternal doseg and dose coamitmeuts for individual Bikinians.

Whole body counting and urine bioassay semices were provided to this

Marshallese population in January and May, 1979. From these data, long term bio-

logical r~val rate constants have been measured for
137

Cs and 60Co. ‘“Sr

has been measured i= both urine

points in time will be required

sample series; however, additional sampling

in order to estimate the intermediate and

long tefi biological removal rate constants for this radionuclide.

EXPERIMENTAL DESIGN

137
Cs and ‘0Co body burdens were measured using a shadow shield whole body

counter. The system design, analysis techniques and aspects of the quality con-

trol progzam are desc:ibed in a previous report (Xi79). Urine bioassay samples

3
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were taken to provide Sr body burdeu estimates and an i.zaependeatesti~ace of

137
Cs body burdens. C.esimn body burdens calculated fr~ urine bioassay data

are used for comparison wizh the whole ~ody count~~g estixnates as an additional

60parameter of our quality control program. Co was rarely detected in the urine

thus a similar comparison is not possible for this radionuclide. The ~tbemati-

cal technique used for detetination of

prsvious publication (Le79).

Figures 1 through 4 show relative

the body burden

results 5etween

can be derived frm a

canparisona of”paired

urine bioassay resuLts, and whole body counciug data collected fran the Rongelap

and Utirik population in 1977 (C077) and the 3ikini population in 1974 (C075),

1978 and 1979 (2!!79). Figures 1

4 has ttiesamples ?latted in the

results ghow excellent agreement

through 3 have sam?les ploczed rand-ly; iigure

same sequence as the uriae was analyzed. The

between the two body burden evaluation

techniques. The standard deviation plotted

fluctuation in the individual’s daily urine

137
calculate the Cs body burden.

MIZTHOD

on fi~gu:es1 through 4 :efLecc che ,

activity concentration used to

The National Council on ‘Radiation ?roteetion and Xeasurezuents ia Report 52

(NCU77) and the International Ctiission on Radiation ?:otection report of com-

137
miccee IV publication 10 (ICIW68) suggest that Cs has a biological long tarm

compar~ent tich a removal rate constant which is au the order of

-3 -
dl6x1O . ICRP publication 10 suggests that thexe may be long term biolog-

60C0icaL zetention of

retention function for

logical mean residence

(I~P68), and studies performed on humans report that the

60
Co can be described by multiple caapartments with bio-

tiaxesthat range between .37 days and 880 days

4 (.
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~Le72, Sm72). The aaca paesented here provide long term biological removal rate

137
constants for Cs and

60
Co determined fmm the Marshallese population ex-

posed to these uucli,des primarily through dietary pathways.

When the Bikini population was relocated, their new residence islands vere

essentially free of radioactive contamination due to tl>eUnited States weapons

testing program. Persons having lived exclusively in contamination free environ-

ments were used as controls. Their 137CS and 60Co body burdens during the May

sumey were assumed to be representative of :he baseline body burden status of

the Bikini populatio~ prior to their return to Bikini. The equation used :0

calculate the long term biological removal =ate constants for both radionuclides

is of “&e form

where

A= aeasured

3 ~ measured

c= averaged

.

(A+) = (B+)e - (k+A)t (1)

body burden in Hay, 1979, Bq

body burden in January,

measured body

k= instantaneous fraction

biological mechanism,

A=”- instantaneous fraction

decay, d
-1

burden of

1979, Bq

the control population in May, L979

of radioactive atoms removed per unit time by

d-l

of atoms removed per unit time by radioactive

=
t- ela?sed time between measurements, d.

Values of the radiological decay rate constant for each nuclide were ob-

tained from the Atomic Data and Nuclear Data Tables (AD76) and are 6.3 x 10-5

d-lfor 137Cs and 3.6 x 10
-4

d-l for ‘°Co.

The baseline mean 137
Cs body burden is 60 Bq as detemined from $7

measurements with results r~ging fr~ the system detection limit (37 Bq) to

5



several !nmized bequerels . Cobalt 60 was not detected in the control

population. The average ratio beween 137
Cs and

60
Ca body burdens in the ex- --

,’

posed ?opulatiou was 490.

of :ke same

body burden

the COUEYO1

aagnitude for

was estimated

The 137CS to 6oC43activity ratio was assumed to be

60C=the control population. Because the baseline

to be well below the XDL, ic was assmed to be .2X of

137
group body activity for Cs in the detetination of the long term

biological remove rate constant.

Tables 1 through 4 present the January and May 1979 137
Cs body burdens,

‘elapsed time and Long term biological removal rate constants as m.sasured in

Marshallese adult males, adult f~ales, adolescents and juveniles. Data pre-

sented in these tables are for individuals *whosebody burdens in January and Xay

137are significantly above the baseliae Cs body burden for the control

population. A,body burden was included in the data set if it exceeded the mean

137
Cs body burden of the control population plus three standard deviations OE

(

the mean.

Table 5 presents similar data for 6oco. aecause
60

Co was not detected in

the control population, no acceptance criteria were applied to the body burden

in this table other than the quantitative presence of two consecutively

decreasing 60Co body burdens.

RESULTS

Table 6 s~iarizes the individual data presented in Tables L through 4 for

137CS and caapares the data tith values listed in ICSP publication 10 (ICW68)

and N= report 52 (N(2P77). The biological removal rate constants for adult

male and adult f~ale ~arsha~~ese are in agze~~c ~th previously reported

data. The biological removal race constant for adolescent lfarshallese is

similar to the value reported in N= report 52 (NW77) for juveniles. The

(:



long tem biological removal rate constant

agree with reported data. This appears to

for juvenile Marshallese did not

occur because of the difference

in the age distribution of the juvenile data reported in NCRP report 52 and

that of the Iiarshallese juveniles.

The 137Cs long term biological removal rate constant for the Marshallese

population is highly dependent on body mass. This relationship is best de-

scribed by a simple logarithmic equation of the form

k=a+bln(~) (2)

The coefficient of determination for this

for males. The regression coefficients a

equation is 0.79 for females and 0.89

and b are respectively 19 and -3.9 for

maies, and 14 and -2.6 for females. The units for the quantities mass, m, and

biological rate constant, k, are kg and year-1 respectively. The impact of mass

on the rate constant is gzeatest for body masses less than 60 kilograms.

Similar results were reported in studies by Lloyd (L173) which

to biological hal~-life for 137C$
●

Several investigators have reported that 60Co exhibits a

related body mass

long tens biolo~

ical removal rate constant for both inhaled insoluble cobalt (J065, Si64) and

COC1 administered orally or intravenously (Le72, Sm72). These investigators

agree that the retention function for cobalt should have several caapartments

whose retention is characterized by linear first order removal mechanisms. For

ingestion, four and five capartment models have been postulated to describe the

retention of soluble CoCl.

Using the average of values reported by Smith (Sm 72) and rounding to

significant figures, the single intake retention function wohld be of the form

R(t) = oo5e-1.4t
-1.2t

+ 0.3e + O.le
-o.12t + O.le

-o.00087t
? (3)

7



where

2(t) = f:ac:iou oi iniciaL at.ms admiaiste=ed %nich remaia in the body at

the t not cor=ected for radioactive

60
The f:actions of Co atoms in

individual’s residence iate~?al were

60C0
uptake regime for . Individuals

decay.

each compartment at tke snd of each

calculated assumiag a constant contiguous

were assumed not to have an initial body

burden at the onset of residence ou 3ikini Island. The parameters for biolog-

ical removaI. rate co~stants and f:act~ous of activity

tained from equation

pe::ent of the total

to ~aelve percent in

remai.ai=gshort ten
.

dist:ibuced to each of the four compartments are oo-

3. For the eight individuals, eighty-four to eighty-eight

badv 60Co atmns would be in the long term compa:=ent, nine.

the intermediate cempar~ent and three ?ercent ia the two

compar~ents .

h Januag, approx~tel.y 140 days after departure Erm 3ikiai, two pe:-

cenc of :he atoms would have been ia the intermediate compartments and 98 per

cent in the long term compartment. In May, the relative contribution of atoms

from each compar~ent to the total atom caucent in the body would have been .7

60C0
pezcent and 99.3 percenc respectively. This cor~esponds to a change in the

3oay burden between January, 1979 and lfay~ 1979 of 14 percent. The obsened

decline in tfie body bu:den

The intermediate and

was @ percent.

long term biological removal rate constants deter-

mined by Smith and Letourneau (Sm72,Le72) do not describe the retention of 60co

for the Marshallese population. From the Marshall Islands data, one cannot

60
est’fiace the number of compartments that should be used in &he Co retention

model, but an estimate of the Long term biological removal rate constant was cal-

culated using equation L.
.



Table 7 sunsnarizes the long :e= biological removal rate constants of 60co

as measured in Marshall ese adult males, adult f=ales and one adolescent. All

values listed are in reasonable agreement with earlier animal study data and

fall within the range of results reported for human data (1CRP68, J065, Si64,

Le72 and Sm72).

SUMARY AND CONCLUSIONS

Fran urine bioassay and whole body counting performed for the Marshallese

population who had been relocated from Bi,@~niAtoll, long tezm biological renov-

137al rate constants have been calculated for Cs and 6“C0. The values presented

for 137Cs are in agreement with previously reported values for adult males,

adult fenales and adolescents. ?foredata has been added for the 5-LO year old

juvenile data base. Our data ?rotides stzong etidence that the biological remov-

al rate constant is related to the body mass by a simple logarithmic equation.

This is consistent with the concept that the mean residence time of a
137c~

atan

in the body is proportional to the (total body mass in which it is present)

size of the body it passes through.

Finally, the
60
Co long term biological removal

here are few in n~ber but indicate that a loug term

6oco. This till have an &pact on the dose assigned

rate constants reported

ccmparunent exists for

60C0
to the ingestion of .

The significance till depend on the saber of capartments selected to desctibe

the retention function and the parameters used to describe the biological remov-

al .

9
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Table 1

6067

6182

6086

6118

6117

6130

6096

6161

6166

6184

45

32

28

33

56

48

4.0

0.85

2.5

Y!av 1979
137~~

zOdy Burden,
k3q

23

23

15

15

16

36

26

1.8

0.41

0.93

Elapsed
The,

d

113

3iological Removal

Rate Canstaac,
d-1

4.2x 10
-3

113

113

113

112

113

112

5.9 x 10-3

6.7 x 10-3

5.5 x 10-3

6.4 X 10-3

3.9 x 10-3

5.3 x 10-3

7.2 X 10-3

7.2 X 10-3

9.1 x 10-3



Table z

ID#

6112

6122

6123

6032

6113

6097

6109

6098

6060

6064

6112

6167

6159

6148

6151

6140

6144

6155

6160

6175

6181

Adult Finale 137
Cs Long Tem 3iolo~ “cal Removal Rate Constats

JaII. 1979
137c~

Body Burden,
kBu

36

11

28

11

2.2

6.7

18

0.56

1.0

1.4

4.5

1.0

1.4

15

13

0.41

0.31

Mav 1979
137c~

BOdY Burden,

kBa

17

4.1

9.3 .

9.6

4.1

5.9

0.67

6.5

2.2

8.1

6.3

0.29

0.44

0.56

2.2

0.32

0.48

5.6

5.1

0.19

0.17

i3

Elapsed
Time ,

d

112

114

115

114

113

1:3

113

115

113

111

113

112

113

113

114

115

115

113

113

113

112

Biological Removal
Rate Constants,

d-1

6.7 x 10-3

8.7 X 10-3

7.8 X 10-3

9.4 x 10-3

8.8 x @

5.5 x 10-3

1.1 x 10-2

8.3 X 10-3

1.0 x 10-2

6.1 X 10-3

9.3 x 10-3

6.9x 10
-3

8.0 x 10-3

8.7x 10-3

6.3 X 10
-3

1.1 x 10-2

1.0 x 10-2

8.7x 10
-3

8.3 X 10-3

8.7x 10-3

7.3 x 10-3



Table 3

m#

x 6147

N 6131

M 6011

X 6127

N 6015

Adolescent
137

Cs Long Term 3iolo3ical Removal Rate Constants

Jan. 1979 ~av 1979
137c~ 137c~

Body Burden, ~ody Mrden,
kBq kBg

7.6 2.8

28 12

2.0 0.63

7.8 2.0

2.6 0.60

10 2.8

5.6 1.4

Elapsed
Ti-,

d

112

113

114

113

115

113

Biological Removal
Rata Constants,

d-1

9*O x 10-3

7.5 x 10-3

101 x 10
-2

-~
1.2 x 10

1.4X 10
-2

1.1 x 10
-2

1.2 x 10-2

f-

14



Table 4

ID#

X 6021

X 6020

M 6107

F 6101

F 6056

F 6105

F 6030

F 6025

F 6106

Juvenile 137
Cs Long Term Biological R-oval Rate Constants

Jan. 1979
137c~

Body Burden,
kBq

1.7

2.1

0.59

1.9

1.7

2.0

9.6

4.8

2.9

Ma 1979
137cs

Body Burden,

kBa

0.23

0.27

0.096

0.26

0.27

0.27

2.4

1.0

.48

Elapsed
Time,

d

112

114

113

111

112

113

114

113

113

Biological Removal
Rate jo~tant,

2.0 x 10-2

2.0 x 10
-2

2.4 X 10-2

2.0 x 10-2

1.8 X 10-2

2.0 x 10
-2

1.2X 10
-2

1.4 x 10-2

1.7 x 10-2
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IX)

6067

6086

6118

6117

6096

6131

61~~

6032

Table 5

Biological Removal ?ate Constants Eor 60C0

Age Categor~
and
Sex

Adult Xale

Adult Hale

Adult Male

Adult !4ale

Adult Male

Adolescent
Mal2

Adult Fenale

Adult F-ale

Jan. 1979
60c0

3ady Burden,
3a

89

100

59

110

93

78

70

63

Xav 1979
Goc~ Elapsed

Body 3urden, Time
Bq d

44 113

70 113

33 113

56 112

33 11’4

52 113

4L 114

37 114

5.9 x 10-3

3.1X1O
-3

4.8 X 10
-3

5.4 x 10-3

8.7 X 10-3

3.2 X 10
-3

4.3 x 10
-3

4*3 x 10
-3

..

(
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Table 6

%umiaq of LOUg
137c~

Te= Biological Removal Rate Constants for

Population

Adult Males

Adult ?esnales

Adolescents

Juveni1u

Age,
a

(23:55)

(23-55)
(22-59)

(20-51)
(19-70)

(11-15)

(5-17)
(5-lo)

Group

ICR2
NCRP
NCILP
BNL

NCRP
BNL

3NL

NGtP
BNL

Number
in

sallDle

4
26
10

15
21

7

7
9

Biological Removal
Rate Con9tant. d-l

.006

.0051

.0066

.0061

.0082

.0084

.011

.012

.018

Standard

Deviation.d-l

0.0016
0.0016

0.0020
0.0016

0,0021

0.0043
0.0034

.-

●



Table 7

Sunmary af Long Term 3ioloqical Removal Rate Constants for 60C=

‘?ouulation

Adult Xales

Adult Fenales

Adolescents

Biological Re50val
Age, Sazple Rate Constant, Standard Deviation,
a Size ~-1 ~-1

(22-59) 5 5.6 x 10-3 2.0 x Lo
-3

(19-70) 2 4.3 x 10
-3

(11-15) 1 3.2 x 10-3

(...
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● ✍✍✍

h :.!ay1979, human nil~ samples were obtained from four Iaccatiag ~cult

Y.arskailese females, ‘whose
137

Cs body ‘ourcenhacibeen c!sfineci5V whole-5cdy

cou~ring and analysis of urine samples. The samples, ranging in .~clumefrcm 10

ml to 30 Ill, were ana~vzed by gamma spec:rcscopy and atomic absor?cion to deter-

137
mine the ?resence o~ CS and potassium. Results were used LO eszimars :h,e

daily ir.gestionrats of
137

Cs for Marshallese infants whose primary food supply

was human milk. Concentration factors relating adult Semale
137

Cs body krdens

to 137
Cs activir:rconcentrations in human nilk ‘~eredetermined. A range of

137~s oo~y ‘aurdensand dose c~icments resulting from ingestion of human nilk

andl>r cocsnuc products (human milk subsicutes) fram 1 September 1977 to 31

Augusc 1978 were calculated for a hypochecicai infant resident on ~i.kini.AtaiL

durin~ this final year residence interval cf the former IJikinipopulacim.

.Auchors: ~.?. ~~~tenger%er, E.T. Le~.sard,J, Stelmers, and 17..40 Greenhouse.



IrlKzzcucz ion

The Marshall Islands Radiological Safety Program at Brook’haven Yaticnal

Laboratory, under contract wi~h the U.S. Department of Energy, provides whole-

body counting and urine analysis services co residents of the Yarshall Islands

whose atolls were affected by radioactive fallout from rhe U.S. nuclear weapons

tsstin~ program conducted in the mid-?acific during the 1950’s. Individuals

five years of age or older arz monitared under the current program. This age

Iinicaiion was imposed to assure willing participation ~y inzormed persons as

well as ta select individuals whose

large enough to be detected in a 15

five years of age were not expected

1?7

body burdens of
137

Cs and potassium were

minute whole-body count. Children under

137
to have Cs body burdens which exceeded

the ‘“CS body burc!sns of the five year old children, based on review of previ-

ous whole body counting data (C057, Co59, C060, C062, C063, C065, C067, C070,

C075).
. .

.k retrospective dose assessment prepared for the RongeLap and Utirik resi- (

dents (Le80) has indicated that individuals who ingested radioactive matarial as

infants (age O-4 years) received a higher dose-equivalent commitment than ether

segments of the sample population. In addition, these individuals had the

137
highest daily ingestion rate of Cs and other nuclides which were posicive~y

identified in the sample program. These data on infants were determined from

body burden and urine accivity measurements conducted at age five or older and

extrapolated to the infant age group. The Bikini Atoll resident dosimetry (Cr

80) demonstrate that the sampled children received higher dose-equivalent commit-

137
ments and had higher daily ingestion rates for Cs than did the adult popula-

tion.



for eabualbody burdens, a child may rec~ivs a ,diiferentdose or dose rate than

an Idult due to di~ferent values ~or body mass, absorbed fractions and rsmoval

race canstants. The higher dail:~activity ingestion race was not anticipated be-

137
cause i: requires the infant to consume more Cs activi.cythzn that ingested

by t5e adults and/or to consume substantiall;r Larqer quantities of faod.

Saforrtationconce~ing dist and living style patterns observed in the

Marshall islands from the mid 1950’3 to the present (Ha81, Sh57, Mu54) indicates

two possible sources of 137
C3 in the infant diet: human milk and coconut

pradxccs. T,lis report examines the dose-equivalent, iose-ea.uivalerttrace, and

137
CS 5ody burden for a hypothetical infant residing cn 3ikini Atoll from 1

September 1977 to 31 August 1979 whose principle diet consisted of these sources

of 137CS
● Dosiaetric projections were determined f=~ human milk collected dUY-

ing Xay 1979, and from coconut tree sap and coconuts collected in April 1978. A

137 137
concentration factor relating adult femal~ Cs body burdens to Cs activity

concefitrationsin human milk has been determined and is re?orted along with the

dosimetric information.

Limited coconut product samples from the Bikini Island camp area were col-

lected in April 1978 (Figure 1). These sanples have been analyzed but consti-

tute a sample size large enough to accurately estimate the true mean
137

Cs ac:iv-

ity concentration with only 70% confidence. Additional sampling of this food

source and an assessment of the quantity that an infant typically ingests are

questions to be addressed in future field trips.



A list of partici?ancs in che ;{ay1979 whole-body councizg and >rine col-

lection program was rzvieweclwith the intant of identifying adult wcaen who wer?

cxrr2ntly Lactating. Of the population participating in this program, four i2-

mala?s wer? idencifi?d as potentially capable of providing the required samples.

‘Whole-body counting results, urine activity concentrations and residence inter-

vals on Bikini Atoll for t%ese individuals are Iist?d in Table 1. Three of the

137
aauit females were long term residents with residual Cs body burde~s, while

one individual (No. 6187) was identified as having a baseline
137

Cs body’burden.

The sample population had been exposed co 137
Cs in their diet durinq their

resiience at 3iki.niAtoll from as early as 1970 up to August 1978. ~y Yay 1979,

they had been relocated from 3ikini .AcoI1for more than 250 days. Xesidual

137
Cs body burdens thus re?rzsentsd activity associated with the long tem reten-

tion cmnpartaent of the body. .41thou8h several former 3ikini residents S.sve

?erioaically returned to Bikini Island after August 1978, the adult females who

parcici,patedin the milk sample program had not returced to or eaten food frcm

~ikini Atoll prior to the Yay sample dates. Consequently, it has been assumed

137
chat che diet did not include significant Cs contaminated food proc!uccsdur-

ing their residence on Najuro Atoll.

The selected individuals were requested to report to a female research as-

sociate who was responsible for sample collection. Sampl~s were obtained by

either hand expression into a s~p~e container or through the use of a mechani-

cal breast pump. The mechanical pump was thoroughly clsaned after each use CO

minimize cross contamination of the samples. Once collected, samples were

stored in polyethylene bottles which were pretreated with 7.5 ml of 10% thymol

solution and then refrigerated until analysis.

3
(
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Samp15 .A..al:7sis

- PEior to prsparacian for ailalysis, the four human milk samples had jeen
,

:efrigeraced for approximately one year. Wring this time the samples had

coagulated. Therefore, each sample bottle was placed in an ultrasonic bath

until the sample was thoroughly homogenized. Samples were then transfzrr%a from

the original polyethylene bott~e i~to a tef~on lined aluminum sample container.

The sample bottles were rinsed “~ith distilled water and residual sample removed.

The sample plus rinse water was diluted to 150 ml, counted for 50,’200 seconds on

a ZSZ relative efficiency lithium drifted germanium detector and analyzed for

?hoton emitting radionuclides which exceeded background levels. The decay

corrected results and one siagma counting errors are presented in Table 2 along

137
with specific sample information. Cs was the only radionuclide positively

identified in three of the four samples.

Using the above tzchnique, no potassium was detected in any of the.-

samples . However, the expected potassium concentration in human silk (ICRP75)

as shown in Table 3, is at least a factor of 10 smaller than the minimum detect-

able potassium concentration for the sample size and selected counting time. The

neasursment of potassium at the .5 mg/ml concentracioa would require a nininum

counting interval of one week and even then would have a two sigma counti~g

error in excess of 90%.

The potassium values listed in Table 2 were obtained by atomic absorption.

.An aliquot of the diluted milk sample was used in the evaluation. l%is analysis

technique is more sensitive than gamna spectroscopy and has a lower detection

of 0.2 pg/ml.

The ratio between the
137

Cs activity concentrations in their milk and the

body burden of the adult lactating female is shown in the last column of

4



Tab!e 2. This ratio is in gooa agrement wi:h :he =atio of che mean potassium

cancsncration in human roil’<and the mean adult fznaie potassium boay “ourclezdi

-6 -1
age 30 of 5.5 x 10 ml (ICRP 75).

!)ose Calculations

The 137Cs daily ingestion ratz of the infant is related to: the 13iCs ac-

137C5tivity concentration in human milk (which is dependent on the mother’s

body burden), the milk ‘~ptakezace and mass of the infant. Ffilkuptake for

breast fed infants is assumed to equal the roil!<secretion rate of the laccating

Semale (ye 55). Table 3 lists the mean value and ranges of anatomical and

137radiological parameters (:Ci?.?75, Ki75) used in the computation of Cs body

burdens and dose equivalents.

Dose equivalents for the infant w~re based on dose

cumulated activity For an avezage infant (mass 7,000 gm,

equivalent per unit

tmnk length 23 cm).

The absorbed dose per unit cumulated activity was determined from a total body

source and target absorbed fraction, 0, of .17 (Table 3) for the .662 !fleVpho-

ton (Ya 75) and was calculated for 137
Cs as follows

where

S = 51.2 [Z F. E
Li

+ ~Gi Hi #i)

in

(1)

Ei ~ average energy of the ith particulate radiation YfeV,

Fi ~ average number of ith particulate radiation with
energy Ei per disintegration,

Gi = discrete energy of the ith photon, >!eV,

Hi = average number of ith photons with discrete energy
Gi per disintegration,

m = mass of the target, g.

5
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The quality factors and the distribution or other modifying factors were

taken as unit.~for
137

Cs in tie Eocal body. The dose equivalent per unit

-3cumulated activicy total body source to total body target value is 2.4 x 10

“-id-i for the male inianc and 2.6 x 10-3 Rem ‘dCi-ld-i far the female in-Rem UCL

fant. Formulation of the male and female value requires the assumption that the

body organs and tissaes of the infant are shrunken versions of an adult. This

approach is acceptable far the total body target and total body source configura-

tion but nay lead Ca si.gnificancdifferences from the true value if applied to

speci~ic tissues, especially active bone mar=o~-. This is due co large differ-

ences in ac~ive 5one marrow distribution in the infant relative co che adult.

Although human nilicsamples were not taken while [he !-farshalleserasided

on 3ikini Atoll, body burden measurements were conducted on the adult population

from 1974 to 1978 (c075, Mi80). The relationship of the mean adult female
137C3

body burtien with respect to time can 5e described by a simple exponential mode~

cf the form

q = aebt, (~)

q “ adult female
137

Cs body kwrden, gCi,whe re

t = time post onset of uptake, d,

-2a = 1.75 x 10 LCi,

-3 d-lb = 2.16 x 10 .

\

The values of a and b were determined from a regression analysis of the adult fe-

male whole body counting data. The coefficient of determination for this model

6



is 0.?9. Equaticn t~~o ~as uszd to es:imat= the aean acjcl: fema~e !2TCS 50GV
.

burden as of 1 Sepcenber 1977. This value (1.13 JCi) was then nul:iplied bv the

137human milk to body 5urdea conversion factor for
Cs znd the averag~ daily con-

137sumption race of “numanmilk to caiculace che mean iaiar.t
Cs in~estion rats.

A comparison of .zhemean 137
Cs daily inges~ion rates for adul: sales, adult fe-

males and infants on April 25, 1978 and September 1, 1977 is shown in Table 4

The 137

.

Cs body burden at any poixt in time and number of disintegrations

occurring during the uptake interval can be determined from the following zqua-

tions (Le 80):

:{ i

1 “i ~ ‘e-(x+~E)’-e-(~+~ i) ’))+qo[si ~i’e-(~+~i)t~
q = X?”i [~

1“=

and

-(A+KE)t -(Ki+A)t

D = $A?” [Zi * (Ki-KE-(A+Ki)e(K•A)(K+:;;K~)e.- ))
L ~ i

(3)

(4)

where t = time post onset of uptake, days,

A= -1instantaneous fraction of at~ms decaying per unit time, day ,

P“ = -1initial atom ingestion rate, atoms day ,

Ki = instantaneous fraction of atoms re~oved from compartment i by

-1physiological mechanisms, day ,

( .
..



. .

. .

q=

q’ =

QCmpartzent i Gepcsition i=aczion.

the number of scams in comparzmenc i relati”~e:0 ch~ au~~+~ in all

ccmpar:menzs at the onset oi increasi,r,~ continuous Uptaice, (t=fj),

Zraction transf~rred ~ron GI czact to blood,

instantaneous fraction of atoms removed (or added if Regacive) ta

-1
the acornuptake ?er unit time, day , due to faczors other than

radioactive decay,

instantaneous body burden, pCi,

body burden at the onset of aptake, ;Ci,

the number of disintegrations in all cmnpartaents cccurring during

the uptake interval, ‘~Cidays.

The 137Cs infant body

zera in this re?orc. Aiso,

Cracz to the blood, f,, was
L

#-

burcie~at onset of uptake, q“, was assumed to be

the fraction cransierred from the gastrointestinal

assigned a value of unity (Ki 75). The environmen-

tal :exnovairata constant, I(-, as listed i.n table 3 was determined frou ;Se
&

1:7adult female 3ikini population. The value reflects the.addition of Cs co the

diet (thus the negative sign) becveen April 1977 and April 1973. The value of

X2 fcr aaulc males and for adult females were fourid to be equal. Sinc2 X.
L

ap?eared tc be constant for the adult ?opuLazion, it was assumed tc be applica-

ble for the infant population.

The value far the long term
137

Cs physiological removal rate constant, K,

(see Table 3), is variable and a iunction of body nass and sex. An zquation

relating these parameters to ‘L
2

was developed for the 3ikini population ages S

to adult (Mi 81) and is of the form:

k = a + 0 In (m) (5)

-1
where ‘k = che long te~ physiological removal rate constant, yr ,

8



a= xass of body, kg.

In this report, K. was com?ut?a Iwsin.gzquztion G znd che nean bod:~uass Eor the

infant’s iirst yesr of life, Leading ii) a aean ‘orological hal~ time of 22 da:.s

for male infants znd 28 days for female infants at age 5 monc’ns. These half

time compare well to the value reported in IJCRP77of 19 days 2 ~ days for in-

fants ages lT-1Q3 da:~s.

Using equations 3 and 4, the
137

Cs body burdens and the total number of

disixcegrations occurring in che body of the infant during the 365 day uptake in-

ter”~alconcluding on 31 August 1978 were calculated. The parameters in Table 3

and :he values of K
2 obtained from equation L were also used. The total body

dose equivalent was then determined, using the yesul: from eqcation 1. IIIthe

adult, red nar=ow absorbed dose exceeds the total

by a Sactor of 1.5. This is due to the scattered

~ialine of the body and due to irradiation of red

body absorbed dosz from
137c~

(
photon contribution along the

marrow from all sides. In the

i~fant, the rea marrow distribution is significantly different relative to che

adult and therefore this factor cannot be applied. Projected
1J7

Cs infant body

burdens are rz?orced iriTable 5. This cabie also summarizes the dose equivalent

commitza during the residence year on 3ikini to an infant from the ingestion of

137
Cs in human milk.

Discussion of Results

The mean values presented in Table 5 were computed using equations 2 and

3 and the nean values of the quantities listed in Table 3. The ranges were

compuced by substituting the upFer and lower

burden on 1 septe~er 1977. In the estimate

9

limits of adult female
137

Cs body

of a range of dose it may seem rea-
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f-
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scnable t~ Sssume E>.2C:>.2eXtu2ne ~asses :au~G ’22~ssoci~:~~ wi~~l~h~ ~~-r~~e

137
ingescian ratss sinc~ c’nereis RO relationship bet-~een Cs ingestion raE2 and

3oa:Jmass in the ~ikini~ ~ongelap or Ltiril<data. Xowever, ic was rz?o::ea chat

the xaxiraumbody 3urden zas :hree ti~es ~r2ater than :he aean value fgr ?o~ul.a-

tion subgrou?s (adult males, .aduizfenales, iemale children ccc.) and :he naxi-

muzndaily activity ingestion rzte was 5 tiaes the mean value ior ?opulacion

su’ograups for Rongelap, iltiri’kand 3ikini nezsured data (GrSO, Le60). Conse-

quently, the extreme values ior body nass zna nil’.<ingestion race w“nichleads cg

a maximum body burden of i3 times the mean and a maxinum dose equivalent of 13

times the nean are not consistent with obssrvacions in che field.

As stztzd earlier, a rsview of Ehe Rongelap daily activity isgestion rate

data (LedO) indicaces that the population a?es O to 4 years, (mean age 2 ~~ears)

had an average
137

Cs ingestion race which was 12rger than the aaul: ingestion

rate by a Factor of 2. From the 3ikiai datz ?rssentsd in table L, this seems

possible only if other dietary items are used as a food source for the

}larshallese c“nild. For the infant, several scurces (Na81, Mi41, >1u54,and Ba77)

iadicace that natural food supplzmencs are frequently given. Furthermore,

Bayiiss - Smith (3a77) suggests that weaning takes place in Pacific cultures be-

tween 6 and 12 mont’nsof age. Gasea on the data oi Cii”oie b, an intake of a

Litsr per day of coconut fluid obtained from Bikini drifikingcoconuts during

-1
April, 1978 could have increased the ac:iv~ty in~es~ion rate to 160 nCi d .

Small children drinking fluid from 2 to 3 coconuts each day could have achieved

this level of intake. Thus it seems reasonable to assume that the infant’s diet

consists of human uilk and coconut by-products in varying proportions during the

first year of life and that the dose estimatss should be adjusted upward in pro-

portion to the increased activity ingestion rate that is postulated.

10



3ecause of the law soil activity concentration and the uniforn can-

tafainazion of the atolls, Lndividuaisresiiing on these atolls are not re-

quested to shower or change into disposal clothes prior to the whole body

count. Tests conducted iz the 1978 field survey indicate this practice is

acceptable under the envtranmental conditions present at these atolls.

?ersons parrici?ating La whole body counting programs should be re-

quested to answer che follovizg questions:

1) Full name (first and last)

2) ID ~~~ome people (Rongelap and Utirik residents) may have been assigned

31?Laedical ID# and will have zedical cards co verify this number. Other

individuals will not. Operator should use historic ID# in these cases ff per-

son have participated in che program before].

3) Father’s full name

4) ?fother’s full name

5) Residence Wato, Island and AtolL

6) Recent (Last two year’s) travel history

7) Height

8) Weight



~~ec~rqniC Setu~

These setup procedures have bees wrizten with the iztent that they could

be used in the event chat the =hole body counter had to be relocated. O?era-

tors should disregard steps that obviously do not apply to the routine zoni-

toriag application.

Part A Cable Connections and Switch Secti?gs

1. Should the detector zeed co be installed iaco the c~stal shield, check

Xor physical damage while installing detector.

2. Connect signs cables and HV cable to detector.

3. Connect signal and HV cable from detector to summing/dividing box or

cable.

i. Connect W supply to sum box.

:-O Cannec: preamp to sunning cable.

6. Connect preenq! power to the back of the ORTEC 485 ~plifier.

7. Set preamp capacitance at O pf.

8* Connect signal output of presmp to signal input of amplifier.

9. Connect sign~ output of ~p to 10V sign~ input of ADC.

10. !4ake sure anplifier suitches are initiaLly set as follows:

Course Gain -16

Fine Gain - 7

Input Polarity - Neg.

Unipol.ar/31polar- Unipolar

,,c.<



6. Check to see if unit iS plug=ec!inrz \.C. power. Ii not, C!lenpLtigin

u~it, (110 volts - 15 *.p circ’.:it)

7. Fush Halt buctun.

1:. .epress ~i.otcutron. vote: Upon release of the boot tutton, t’:eni~i
floppy will start moving and a licl:e red ~iijhI on the t7~IYl flGL’ry Wll~

t’2r2on. soot ‘.*illhalt at a locaziGn 53350. This is normal.

12. For .+L;HAT use, :Ontent of loc?ticrts 17-10 a?d 17!34 Shculd ;e ~,?~o and i~’~

resgectivei”;ard the :Onte?t iJt_Iozations 32342 ard 32350 shcul~ & ~6~~4(3.
hrrent Correct

Locaticr. 2esc:iDtion Cantent content Comments



for certain

ADc’s
ADC Origin
ADC tide
Live Time

key parameters ace:

Description Initial Content

1
1

ADC-ONE
Infinity

Dlaplay 14ain Origin 1-
Display Overlay Origin 1
Display Length 1/2 of Total Chana ALoctment
Overlay Offset 1
Overlay and Y..in Trace Counts

Full Scale (CFS) 8192

b) To change any NON-ODT variable (those noted on FCP) da the followin~:

FCP Button Allowable Res?onses

Map, Main Both depreseed turns on min trace of preset
origin for preset length.

Map, !I!ALti, Region of Displaye main trace and area between cursors.
Interest <(. I ! I

Wp, Overly 1 Both depressed turns on overlay display at
preset origin for length equal to main trace.

Uap, Uain, Overly Turns both display traces on. , Note: Turning
map off will noc reset nain or overly switches.
These must be initialized when map is turned on.

Main or Overly Orig. CPU types on screen HNORG or OVORG: Operazor
respons from TTY or key pad with numeric valuk
between 0 - c!lans followed by CR.



.

-.\

\

Ovrly Offset

DS? Length, ?~fn
CTS, Ovrly CFS

u, x

z

Start

seep

Zero (both buttons)

. . . -----
Rocary Switch *1 6
DO button directly
below it

Rotary Switch #2

DO Beneath Rotary
Switch ti2

C?U types “OV OF?SET:” On Screen. Operator
responds from ~f or key pad xfth desired

cifgltal offset followed by CR.

ALl three buttons wrk in conjunction with
rightmost rotary switch #2. ~epressing any
of these switcheg sets lenzch or counts full
scale equal to the value represented by the
psition of rotary switch /12 (see below).

No function.

Square root display.

Lag display.

Starts all ADC’S addresaed through rotary switch
#l position 12.

Stops addressed Ai)C’s.

When mah display in on, zeroeg what 19 being
displayed. When main trace L9 off, prompts
operator for area to be zeroed. F.esponse19
from TTY or key pad.

See following cable for all functions. ~aaic operation
la to select de~ired command. pogition switch. Push DO.
Either a statement of execucion or question will appear
on the screen. Regpond from TTY or key pad.

Selects display length and counts full scale.

Undefined.

Rotary Switch #l

Po9itfon Function

;
3
4
5
6
7
a
9

10
11
12

ADC ADD 1 Mode
,ADC Sub 1 Mode
AM in MCS Mode
ADC List Yode
ADC in MSS Mode
Non-Alter
Set Live Time
Set Real Time
Origin
Preset Counc9
Level
Select ADC

15 Exit FCP
16 Exit and Deiete

Position

Rotary Switch #2

Display Length/Cts full
gcale ?faLnand overlav Trace

129
256
512

2024
2048
4096
8192

16384
32760
66536

131072
262144
524208

1048576
2097152
4196204



il. Make sure WC setti~.gsare ~>l:ial~;~as :O~loVs:

?JJ - 0.1

TJL3- 9.99

Group Size - 256

Conversion Gain - ?$L8

.kalyzelo~f - .Analyze

l? ● Check to make sure chaz high vol:age supply i.s ?lugged inta A.C. ?owez.

13. Check CO make sure that !JiaBin (L: operator uses external niabin) is

plugged ia and power co Nlabin in ON.

~~ ● Set HW supply co positive 1000V and turn on HV supply.

?2z: BC Program

There are five programs currently available for use on the T?-50:

1. ALphal

2. Curmov

3. Smmwu

4. ST.LWAR4

5. P}~J

.Alphal,CL%VOV, STAYDAR3 and 4 ?lUS MADJ are all locaced on one

diskette. Progrsms can be loaded in zhe following way:

XL T 19 Cx

AL I File Na~e CR

Alphal and STANDAR 3 and 4 are auto start programs while the ocher pto-

grains aust be told to start with a ‘“G” CR.

7



Loaded and star:ed as desczi>ed above. ?ragrsm acquires Individual

spectrum for each pm tube. Yaiss for operator co ccmpare photopeak. If txbes

menced. Operator need only to 2011OW inscmctions in ?rogram. See ?art E of

this seczi.onfor specific ia.struczions.

2. WX’!OV

Loaded as stared in steps B.14 through B.17. Loaded only into buf-

fer !)2and executed vhen cursor uove push button 2s seleczed or when button

below rota~ switch #2 is pressed. .L’:er?ushicg buctoa, syste~ asks “ADC#:’”.

Operator responds with the nuber L or 2 then CR. System will then print ouc

the current Ilve tine and preset live tiae of selected ADC and the channel j)

plus content “of the cursors plus 3 channels above aad below c~rsor.

3. ST.LNDAIU

Program loaded as stated in the”introductionto this section. Pur-

pose is to create standards which can be used in the natz$x reduction program

Alphal from e.si.stingspectra. Special inst~~ctions for use follow in nest

section.

4. STANDAR4

Program loaded as stated above. Purpose is to create standard

spectrum at time of data acquisition. Program operation is seliexplanatory.

5. .U?%U

Program fs loaded as stated in section instruction. Pur?ose is co

analyze !;aIspectra acquired on T?-50. Spectxal length cannot exceed 256
)

channels. ?roSram operatioa iS not uell documented. See operation ?rocedures

(

Part C for specific operational instrucs:ons.

8



~l~$:ato~ C?U Xesconse

X FORG(1,1) CR *

x :C’::l(l,bb) CR *

X X1’R(2,133) ●

Cperatar depresses .Uain t)riginbutton. !4ti!lG:

1 C3

Upezator de~resses .M4Pand then .UAI’J pUSh butturs.
00 137

?Iace chec!c Co and Cs Foi3t sources Eeneath crystal.

!)epress.:JCstart tittcn or type X Ff2C(l,1300) CR.

Ccmcuter s’~stennow disclavs ?oint sour:e spe:trt~m. The meak channel >i
13?

CS Should a-pear as :Ye 1st point to the right oi
!’

the left cursor(c~lrsorZl)f

while the high ●nergv peak of CO (1.33 mev) shol:ld aprear as the Ist
:Sannel ts the right of the r~ght curser (cursor #z). if cursors do not
i~di<a.e Crocer loCation of Yeaic channels, then mplifie: fine gai~ a~d

.IDCzero ~a~ have to be adjusted. vote: See Secticn G to learn how to
adjust the horiz~ctal arc ve~:i:al Lir.itsor the display screen.

137
Operator shculd adj!~st ~plifier gain until the 662 kev S5 peak is sep-

50
araczd from the 1534 kev CD peak b’ 67 chal:nels.

IT zero should be adjusted until the S62,khecanrliiier gain is correct, .*
keV photoceak i.s fouqd in chal-~e~66 and the 1334 Icev~flo~apeak is f~uw!
in chan:el 153. Vote: Clperato: must zero the dispiaved s:-eccrum after
eats adj’:stnent t. gain or zerc,

;ihen pro!.er erergy Cali”ccatian has hen ackiever.i, Ckec:c svscer, cesol’~tiam

Stoc .Ai’:ac,?uisition by pushi-g .ALCstep button.

Zero S-ezzzxn.
127

Place Cs ?Oint souz:e aLcng the Central axis Qf rb.e detectar asprcxinateiy

0.5 to 1 r.ererFr:c the ietec:or.
.-

jta:t .:K $t 4.ep:essi?g .AR Start kutton or rypizz X F.A.K(L,LOO) 2’?. (



,—

21) Resolutions of 9 to l?-.are ac:eptaOLe. Nigher resolutions reuuire
that the program ?J1.’.& ‘be r’:.n and photomultiplier tube adj$:stments&
made. Design limits Of the dete:tor Dxohibit resolutions of less c5z..
9-%.

3) System will respond w:th 72S at ‘30.00.

S) Disconnect all 5ut one signal cable from the photomultiplier tubes of
the detector md follow all instructions in the progrm.

6) Increase amplifier gaifl bv a factor of 4*

7) .Icqui:e a s~eztrum of each P3JItube outrut usixg program.
137

~) Adjust eqch PM tube gain sr-that the Cs peaks overlay each other again
following ins:ru:tiocs =S outliaei in P?LADJ.

g) If peak heights vary cnce all peaks overlay the adjust, the focus oi the
PM tubes ta set t~e ma:cirnunco~lntrzte in the C.s0137 etiotopeak area.

LJ) .irta:hall si~nal :able tc P}( W;YS, re&~ce amplifiez gain tc arigi~ai
position and comcute resolution. Repeat unrii resolution is as clcse
to 9% as possible.

f
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Operational ?r~ceduzes

?art A - Personnel De~oSraphLc Data

1. When a person repor:s for a ~ole bod.~~ou~-.~,the operatar ~hou~d

obtain the following information:

a. Compl*te name

b. BliLID ‘)of person

c. Eei~ht

d. Keight

e. Father’s full name

f. Mother’s full mane

g“ Residence lJatoIsland and atoll

h. Recenc travel history (prior 2 years)

2* Count indi.’zidualfor 900 seconds. Note: Individual aUSt sit ‘Jith

good posture. Do not pernit individual to slouch.

3. .After councizg period, store data on diskette and analyze data using i

procedure to analyze data using Alphal.

4. Release person.

5. Record results in log book.

Part B - QC Procedures

The typical QC program should include four parts: background,

standards, repetitive counts on subjects and counting subjects with known body

burdens. AU

1. 900

a.

b.

c.

fOur aspeccs shall be included in this program.

see-Backgrounds should be taken at least three tiaes ?er day:

?lorningprior to counting.

Noon (or mid-counting schedule).

Eveniag aftzr countirq is done.

9
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2. 60 see-point source standards should be taken just prior to che

backgrounds to verif:~ zer~ and Sain and overall sysce~ stabilf:y. The

izce3ral over a s~eci?ic energ;rrange should always be conscant +%.

3. persons ia the operational ~roup who have known body burdens s’nail

be counted during the counting period at least once.

4. 5% of all patients will >e recounted.

p~r~ C - Procedure to Analyce ~ata Csiag .U?nal

Alphal allows the user ca acquire data while tbe previous data acquisi-

tion is being analyzed. All data (background QC and samples) aust be ac-

quired, stored and analyzed with .UJW1. There are several basic commands:

files, background, analyze, standard and sa~ple. Each command runs a aini

program under Alphal. To load Alphal, insert correct diskette and thefi:T?e L

T 19; L I AU?HA1 CR. The program is auto starting so read the initial

,-.- aessage; it appears only once. Yote: All yes and RO response requires the

full ‘Jor” to be typed aot just the first letter:

L. Iaitial Startup

a. Set the clock by typing the day of year (l-366) then a space,

the hour and a space then the minute of the day CR.

(

b. Type STAl~iLRDfor the neXt c~nd.

The standard program ~st be called 2 tines before proceeding

further with AL~l. The first tine is set up :he standard into a 12 co 250

channel matrix. The nest time is to select which standards should be used.

Enter standard n~bers appropriate to the detector being used. l?sestandards

from the 1,000 series for detector ‘}1and standards from the 2,!300series for

dezeczor #2.

c. Under ST, the next rssponse should be ?ecall or RE.CR.

10



ii.

Chair
Geomecry

Bottle phantom

Adolescence

Juvenile

Canuucer t:.~es

Insert di..ske~~e
Cype return when
=eaay

STD :?0

Y!tr-ixFull
Command
RECALL, LIST,
Select

Delete Stnas?
STNW
STNW
SI’NIM
SThD# Coumand

Operator :;qes

CR

102s(2015)
1020(2907)
1010(2001)
1026(2017)
1018(2009)
1012(2003)
1024(2019)
1016(2OU)
1OL5(2OO5)
1030(2020)

ST
SE

NO
1029 or 1.026 or
1020 or 10I.8 or
1010 or 1012 or

CR CR

Adult

Chair
Geometry
Adolzsc~nc
Chair
G+ometzy
Juvenile
Chair
Geometry
Point
Source
Chair

102L
2015
1015 or 1030
CR CR

CO-60
Cs-i37
l?otassi’um
Ca-oo
CS-137
Pots.ssiuzl
cil-6Cl
CS-137
Potassium
CO-60, CS-137
Pt Source
Geoccet~/

Xote: Under standard seisction, if deczctor 42 is used, sub-
stitute appropriate Adult, Adolescent or Juvenile sts~d-
ard n-hers for those listea above. The following cabls
lists total standards available to user. If above spec-
t=a cannot be recal:ed, substitute with appropriate standard.

137CS
Det. 1 Oct. 2

1020 2007
1021 2008
1019 2009
1019 2010
1016 2011
1017 2012

60co

Det. 1 Det. 2

1027 2014
1028 2015
1025 20~6

1026 2!317
1023 2018
1024 2019

Potassium
Dec. 1 Dee. 2

1009 2001
1010 2002
Loll 2003
1012 2004
1013 ~-Jo5

1015 2006

Point CSCO
Det. L Det. 2

1022 20~3
1030 ~o~o

11
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2) a. aackqzomd Acquire

C?U ?.esccnge

Cammand
Acquize, score or ;rint?
Device #

Tim

Colmluuld

b. Background Store

Command
Acquire, Store or print?
Device #
Compress
Number

3) S~le

● ✌ Acquire

b. Store

4) Analysis of Sample

CPU

IS Bkg ok

CPU R42sponse

Ctxxnmmd
Acquire, store or print?

Device #
Tim
Comnand

Conunafid
Acquire, store or print?
Input #
Sample #
s~ple Weight
Days since sampling
Campress

Cger3ter ?esconse

Bkground on disk ar tape?

Bkg number
Sample Spectrum on tape?

sample I.D. #
Compressed
Subtrsct Bkg
Region to analyze

Start =
End -

Operator

yes or no
if no
yes or no
Lf no program goes to background acq.
if yes program asks for number
xx
yes or no
if nc and count finished
system will analyze just finished
count . If yes then;
xx
NO
NO

20 (lGo)
100 (2001

9A
AC

1
goo

M
ST
1

No
xx

Operator

SA
AC
1

900

SA

ST

1
xxx

1
0

No





a.
b.
c.

d.

e.

~.
k.
1.
m.

cl.
0.

P*
q“

r.

load program insert diskette with ST.iNDAR3 file.

Type L T 19 CR
Type L I STANDW CR
program is auto starting ao it wl~l type out a message when program 1s
running. Read message.
Type ~L C twice, Syacem should regpond with ?00 at 76.2

*
Type L T 19; L A File name; x ?LR (257,512); L CR
Note: File name ia the name of the appropriate background file.
System responses with *. Type L T 19; L A File name; X FL2 (1,256); L C CR
Note: The above statement auac be on 1 line. Also the file name is

tha name of che standard file.
Type G CR
Ansver first question concerning Bkg (1s Bkg correct?) NO CR
Answer yea to next quescfon (Ekg on disk or cape?)
Answer any four digit number to next question (Bkg number?)
Enter acquisition time of Bkg in seconds
Enter acquisition Cize of standard
Eneer nuclida name, aasa number, activity, halfllve and daya standard
la co be decayed. Yote: Uae s?ace base Co Ceminaee data entry.
Answer. No to compreaa standard ,

Aaaign and I.D. d to standard type CR.
System aska if another .STD is co be created, Answer yes or no.
If yes, system aska if Bk3 la okay. If yes, respond YES ff m, type
CNTL C Cwice and repeat steps E through p.

If Bkg La okay, regponee XES then type cncl C twice and repeat scepg
f through p.

*

/’
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4
?rzcedure z2 ~ur-. 3if ~~:~ui:menc ~nd ileceverh’ith.oucLoaaing ?roQra,3s

.\: >{i:nc

i) Depres: HALT buc:on
1) Turn power ~i: KJ T? :Cl
2) Turn H.V. supply of:
+) Turn voltage Co d VOiCS

I .rl c~~ !lorriinz

5) Turn on R.V. supply.
0) Incr*ase %.V. to 1,000 Voles.
7) A11ow H.’Jo to sc~bf~i~e for at least 30 minutes before acquiring

scancards or back;rounas.
8) Turn T? 50 on.
9) Depress then--release BOOT buccon.
10) Release HALT buccon.
1!) Type ~ G. Camgucer responds with ? 00 at a line number.
12) Push M but:on on. (If ic was on when operator started procedure, turn
it aii then back on).

13) push ~~n trace button on. (If ic was on ac seep 8, turn it off then
back on again).

1~) Type OG (CR).
15) Computer responds with CW?LWD:
15) Operator is now running che .ILP!!A

NOTE : If the commter doesn’t respond
must be rebooted from T?OS-I.

1 program.

as indicated fn step Ll, the system



Intakes of breast milk were riot recorded, however her data for three i~.iants

-1 . -i
a 5 nonth old and 100 gd or coconut fluid ?lUS 150 sjc of coconut ~mbryos ior

an 11 month old. This intonation and the observed coconut ?roducc acciy~itycsn-

cencracion shown in Table 6 provided an escimat~d coconut pr~cluccnean and rar,ge

of inianc daily activity ingestion rate fcr
137C=

-. It is also ‘knownthat cer-

tain components of the disc, such as doughnuts ana rice, are nade with coconut

fluid, however, this source of 137
Cs has not 5een quantified. Dose equi’ralenc

i37
c~rmic~ent and body burden ●scimates from coconut proaucc ingestion of Cs are

also listed in Table 5.

FinalL:r,one whols body count of a four zonth old infant was accenpcec i>

April 1978 at the parent’s request. Although the infant would not remain sta-

tionary during the counting interval and a calibration geometry had to be

137
estimated for such a small subject, the infant’s Cs body burden of 0.20 :Ci

falls within the range of expeccsd
137

Cs body burdens as reported in Table 5.

Summary

Human nilk and coconut products have been examined co detemine their

dasimetric significance as a dieC.2ry source te~ for the intant residing on

Bikini Atoll. The data indicates that a hypothetical maximum
137

Cs body burden

137C5
in the mother could not cause an iciant of this atoll co ingest sufficient

activi~y from human milk alone to yield an annual dose equivalent commi:aenc

137CS
that would exceed 500 mRem. Xowever, the additional ingestion of other

contaminated uterial such as coconut sap or the iluid of the nut increases the

projecce-d dose equivalent commitment estimates such that ths hypothetical aver-

11



.

age iafant exceeds an anaual dose equivalent gf 500 mRern. ‘TcLe?ata i.?.dicats

137
that a wide range of C.s daily activity ixgestian ratzs are possibie and that

‘numanmilk is most li’~elynot the major dietary item contributing to t!le infant

137
pooulacion Cs daily activity in~estion rates.

Ix addition to the dose equivalent ccimnitzuentcalculated for the izgestion

of 137C3
, the external dose equivalent for the residence interval must ~e added

to decernine the total dose equivalent commitment. Based on ionization cham~er

measurements conducted from 1975 through 1977 (GR79), an infant (age O-4 years)

would have been exposed to a net average external exposure rate of 10.1 llR/hr

during the residence interval 1 September 1977 to 31 August 1978. This corre-

sponds co a dose of 77 mrem duz to external exposure.

FinalLy, throu~n use of the methods presented here, it is possible to ~val-

uaca che expected body burden and dose equivalent ccmmic~ents that infants, age

O to 12 months, will or have received through adequate sampling of the adult f2-
F

male population and the food ?roducts to be consumed.
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Table 1

!4av 1979
137

Cs 3oay 3urden and Zrine .lc:ivit::Concen:ratians ior
Laccating Female ?opulatioc

:!ay i979
Residence Interval Date

137
!4ay 1979 Urine AcKivit:r

on 3ikini Relocated to CS ~ody 3urden Concentration
ID7} AtOll, Year Yajuro Atoll UCi P.Ci/i

6062 3

6(399

5110

6187

8

.’38

3/31/78

8/31/78

0.088

0.18

0.11

8/31/78 ‘ 0.0016

2.0

X.D.

N.Il.= YO data available. L!rinesample noc provided in l!ay 1979 ar sample
too small for analysis.
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.

Xadionuclic!eConcencrztions in Yarsnallese Human !4ilk Samples

137
Cs Aczivity

Concentration

137
in Human Vilk

Sample Potassium
,.

C.s to 13’CS :Ody
Volume, Sample Concentration, Activity Concentration, 9urden-~atio,

ID;} ml Data mg/ml pCi/ml ML

6062 18

5098 3(3

6110 10

6187 27

5/16/79

5/17/79

5/21/79

5/16/79

0.69

0.51

0.41

0.45

0.40:10;:

0.53t6.4%

0.26321%

<0.(357

4.6x1O
-6

2.?X1O
-6

.
2.4X10-5

N*A.

.

IJ.A.= Not applicable. Control human nilk sample contained no measurable
quantity of ~37cs*
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Infant >lilk
In~estion Xats

\!ass of Hal,e at Birth M

Xass of ~emaie at Sirth ?!

.Yass of l!aleat Age One x

Znvir9nmentaL Xeztoval~ace K=
Conscanc

Compartment 3eposicion x,

Physiological Removal Rate K~
Conscancs, Males K~

?eaales “K~

127
Adult Female Cs 3od:?

Zurden on 9/1/77 q

137
Cs .AcCivityConcentration in

liumanYilk to 137Cs Lactating -
Female Sody 3urden Xatio

Absorbed Fraction in Total Body
for 137CS .6616 }leV photon
Emission in Infants 0

350

0.51

3.5

3.&

10.4

9.5

/
6.3xi0-c

-1.67x10-3

.13

.87

.5

.031

.025

1.13

3.28x10-6

.175

500 to 3000

0.37 CO 0.63

2.3 [0 ~.’

2.2 to 4.6

9.1 to 11.9

~.~ to 11).~

6.2xi0-5 :0
6.5x10->

-4
-4.6SX10-4 CO

9.97X1O

.02 to .22

.78 to .97

.33 to 1.4

.026 tO .043

.021 to .033

0.27 to 3.66

2.36x10-~ to
4.55X1O-’

cll/ci

d-’ ,

No Units
No Units

d-l

d-L
~-l

9Ci

.15 co ●2O ?ToYnits
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Table &

,---
Instantaneous l>’Cs Ac5ivity Ingestion ?tateon 1 September 1977.-=

and 26 April 1973

1 September 1977
137Cs .-ic:i.~ity

26 April 1978
137CS .lctivi::~

Ingestion !latznCi/d Ingestion Rate nCiid
Population &Mean Iligh Low Yean iiigh LotJ

Adult Male

Ac!uitFemale

270 8.2

22 100 5.7

85

32

400

150

12

3.$

Infants
ingesting only
human milk 3.2 10. 0.75 4.7 15 1.1

I~iints
izgesting only
c~conut produc:s 9.6 13 0.82 14 1.2

t. 20



Table 5

~Ot~l 3ociy Dose Equivalent Camni~xent and 3oay zurde~ at the
End of ?.esidence frcua 1 September 1977 to 31 August 1978

for Hypothetical 3ikini Island Infant

Human :lilkConsumption Only

i37
137

Cs Total Dose Equivalent
Cs Body hrden, YCi Commitze~c, Rem

0.15 0.036 o.&9 0.11 0.025 0.34

Female Infants 0.19 0.045 0.62 0.14 0.034 0.45

Coconut Proaucz Consun2ptionOnly

Yean Low High ~!ean Low High

Male Infants 0.46 0.040 0.87 0.32 0.028 G.6i

Female Infants 0.57 0.049 1.1 0.43 0.037 0.s1

Total l!ilk PLUS Coconut Product Consumptiona

Mean Low. High Ybean Low liigh

Male Infants 0.62 0.076 1.4 0.43 0.053 .0.94

Female Infants 0.76 0.09’4 1.7 0.56 0.071 1.3

a
Does not include contribution ta dose equivalent from food products made
with coconut fluid, meat or sap.

.
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Table 6

April 197a 127
CS Average Activit;tin Ccconuc ?roduc:s at Sikici isiand

Cocanut Fluid Coconut >!eat Coconut Sap

Acti-.rity ?er unit 160 70
mass or Volune

77.-
pCi ml-l pCi gin-l pCi ml-l

Sample Size 12 coconuts 12 coconuts 2 liters
from 3 trees irom 3 trees from 2 trees

c

22
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PROTOCOLS

Whole Body Counting Operations Manual

Standard Procedure for Air

Protocol for Radiochemical

Radiochemical Analysis and
1-129 in Soil

Sampling

Analysis of Urine, Teeth and Milk

Analytical Procedures for Determination of

(-

. ?,
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Introauc:ion

The enc~oged ~re~~al iS ~esigned co ;rOVi2e bdSiC infoFzaCiOn c~~-

cer~iag the routiae whole 5ody eounr:zg progzam at 3rookhaven Yazional Labora-

tory (3NL). The document is divided iato several seccions: selection crite-

rta, part$ci?ant notificarian and ?regara:ion, eleCtYOCliC set-up, operaci~nal

pr~cedure, program errar diag~oscfcs, results-~ecords, and svste~ ca.l,i~racion.

iach section has >een writzea :0 ?erait system evaluation and operation under

normal conditions. Li,aited discussion is given to unusual occurrences in the

following sections: par:icipaut ?re?aracion and program error diagnostics.

,.

(.8>



Indi’;idualscurrent:y parcici?zci~.~in the program are residents of

Ljelanq, Rongela? and Utirik Atolls plus foraer rasidents of 3ikiai

curreucly residi~g on Yajuro Atoll, Jaluit Atoll and Kili Island.

Eac5 atoll fs =onitored differently. At Rongelap and Utirik,

Zaewetak,

.:toll

the size

Oi the pOpUlatiOIlparticipating h the ?ro~ram is an?roxizateiy20 indivt2uaLs

per a~e and sex sub%roup. Here are six sub3zwps consisti:lgof ~ale adults,

adaiescents and juve~fles plus fezale adulrs, adolescents and juveniles. Tke

n,uaber20 is the mmber of individuals reqaized in the sampls to ?rovide an

esci~te of the zean body burcle~ at Che ~0% co~-~dence l~~c, !Tonally, the

sane ?opulatioa is sample overtise to detemine any trends in the data.

For the fo~~r ili’kiniAtoll population, individuals who resided on

Bikini Island during the final two year residence intazval were aonitored

util July 1980 EO follov che decii~e Of 137C3 in their bodies. Speciai

L2teres: vas Siven tc individuals prese~t on Bikini Island durin~ the 3XL

April 1978 field sumey and co individuals who were present at the tim of the

Bikini population resettlement in September 1978. It is unlikely that these

iridividuals vill ~e monitored a3afz relating to the gikinf.zxyerie~ce

1

1969-1973. Fiovever,persons partici?atizg fa the repatriationof Zneu Island

which i.sto c~ence in ~981 wilL be ~nitor~d i~.ititilyon a six rionth kasis



.

Levels by the Ile?arz=encof Energy.

At Znewetak and Ujelang Atolls, the entire population LS aonltored. The

frequency of monit~rizg is once per year and this =onltoring schedule is ex-

pecced to continue at least until the indig~nous Zood produces zature.

3



aord?ored. Once the frequency is decided, the progran is Lnpls=efitsd. T>.e

following table lists the atoll, frequenCY of uonitori~3 and mmber of

individuals in the population :hac are monitored.

Table 1

Atoll Fzeauency

Eaewetak-Ujehng Yearly
Rongelap 3i-yearly
-r ‘kLti~* BL-year~y

3ikinl Sezi-annual

Xumber in Atoll

400
100
100

!Jumber ilot detsr-
mlned but would con-
sist of population
residin~ on Eneu
Island

The aonal ?roceaure to fniziate a n.issionLs to register the ?roposed

t=i? ?lan to the Pacific Area Support Cfflce of the Depart~ent of Eaergy,

Cnce infarmed of the ?roposed schedule, PASO will notify the appropriate local

and ~ederal authorization of the ?farshallIslands government. If chan3es in

scheduling are aecessary, they are usually accomplished at this ciae. The

?.iSOrepresentativeis always the oif~ci~ link between 3NL and the .%rshall

Islands people and gove~en~ both prior to ad during a field tri?.

Upon arrival at the desi~ated atoll, a local meeti~g ulth atoll author-

L:tes is required to isfo~ the local ?ersonel Of the fteld trip plans aad

sc5edulin3. This serves as a queszion and answer period for the ?eople parz<-

cipating in the monitoring ?rogrm and is an izpor=ant aspecc of the Success-

ful completion of the field t=%?.
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!) Depress iI.lLTbutcoa

~) Insert TP05 11 diskette

3) Release HALT bucran
~) Depress 300Y button Ehen i.n~edia~ely r~l~ase buccon
5) tJaiC for TPOS 11 [0 redd into,:he compucer
5) M-cer disk unit has been addressed twice (red light goes on and off
t~ice) ty?e Control C c’;ice

~) Compucar responds ~ith :!O?I)
S) Operator types: SCT P.+R= 13 (CR)
9) Disk unit is addressed twice

10) ‘Jhertdisk light goes off for the second time, type Control C twice
11) >mpucer responds >!0!1>
12) OperaCar ty?es: ICOPY (CR)
12) The compucer now reads fa the orogran to
14) Operator now follows this sequence

CPV

iCCPY > r-<:

I!iS2TlHPLJJ [Operator inserts

copy information

Operator

= TX: (CR)

data or ?ro~ram ,iiskecte which
,F is-to be ccpied and then types (CR).I

INSRT INPUT [Operatar inserts diskette co be copied and types
(CR).]

INSRT OLETLT [Operator inserts zeroed diskette a second tiae
and then vjpe (C!l).]

INSRT INPW [Operator inserts diskette co be copied and types
(CR).]

IYSRT OURLT [Operator in.serzszeroed disketcs for third tine
and types (cR).]

ICOPY >

15) The ICOPY program takes 3 passes co copy one disicecte CO another.
16) The operator can copy another diskette with ICOp~ by jUSC repeating the
process 13 step IL.

17) When finished, operator can ei:her power che unit down or load in ~?OS I,
CU.R-’’OV,ALPHA 1 and standards.

NO-E: .tiydiskette which is co be co~i~d should ~e write procecced. .1 second.
comnenc is chac Zhe disket:s shich shall be ased as the capy
buc noc fom+aced.——

wsc be zeroed

1 pro~ram while



?~ocedure :3 ‘o’3e ~urso~s

The procedure pe~its che operator to ❑ove the cursors Lar?e distances
quickly and should be used prior to loadin3 AL?!{A 1.

1) With co~gu~~r ~~ ~~e ~n:~r~~:ive mode (computer has respor.ded ‘tii:h an

asterisk) @3pe the following series of commands:

CPU Operator

* x FCUR (2, 1157) (CR)

* x FCUR (1, 1090) (CR)

*

2) Continue Loading .LPHA 1 program. If ALPHA 1 was running uhen che
oceracor decided to aove she cursors using ~hese commands then type: G (CR).
This returns the operator to .ALPXA 1 at the COIX&VD position.

Yoce: The general foraat to move cursors is X FC?JR (CN, CR) (CR)
where CN = cursor number (1 = left, 2 = right)

CH = memary locacion where operator wants the cursor.
Cursor 2 can never be co che left to cursor 1. Likewise, cursor 1 can
never be co the rlghc of cursor 2. If the operator accidentally
positions the cursors illegalh~, the operator will receive an error
code.

. .
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prcce~u:e co ?ornat ‘31skst:es

This procedure aust be execuced before TIL proSraas or data can be
stared on the diskette:

1) ‘dithcomputer in the interactive mode-(If operator 1s running A.L?HA 1,
cb.eoperacar can gec into the faceraccive mode by C{ping Cantrol C several
tizes. When the operator gets an asterisk f.nstead of the ‘wordcommand, the
cmoucer is in the ixcerac:i’~e mode). The operator inserts a zeroed diskette
inzo Che disk drive then types the ~ollo~ng command swuence:

CPU

*

*

disk drive turns

*

~) Repeat process co fomat as many diskecces as desired.

3) To return to program, type: G (CR)

\.



This procedure 1s necessa~ co allow new dis.kecczs co be used for
copying or formacfng with TIL programs or data:

1) ?ress HALT button on computer.
~) tnserc TPOS 11 diskette t.nco the disk unit.

3) Release HALT buccon.
4) Press boot buc:on. (ThlS is a momentary switch. Press it in, then
release it).

5) Wait for compucer to instruct Operator to type Control. C tr~lce.
6) Type CSTYLC t,~ic~.
7) Cmuputer response uich !tON>.
9) Type che icallowing sequence (For a complete descrlpcion, see TPOS
11/T?-50,Baslc use manual Appendix F).

zEFt > (Operator now inserts diskette co he zeroed then
type). TX:/CLR/DSZ:2/FOR (CR).

ZER> (Operator now Ittsercs che next diskette to be zeroed).
Tx:icLxlfDsz:2/FoR (cX).

ZR >

9) The process is repeated Uncll all diskettes ars zeroed.

10) When finished, type CNTL C twice.
11) Computer responds with Y09 >.
12) Operator may now run other TPOS II programs or re900c the system with

T?OS 1.

(.



Err3- I:,mbers ,‘cr T?(IS are orgznized in urnuns. Errors P throuqh ?9 are

?11 errors, errors ;~ cnrounh ?Q are Library error~, and errors ?fl and UD

arz 7?S errors. (For discussion of TIL artd Library err~rs, see sections

3.9.1.1 and 3.8.’1 .2, respectively, of the TIL User “anual.) TPOS errors

are ‘

?30 Illeual numerical argument (too large, too srffall,
or wr~ng base),

?31 Ille ‘1 “U” command (may also cause ?@fl.). Yay be
caus .. by ao attempt to Issue the “!J E n“ command
while list mode is turned on.

?32 JDP-1 ADC error.

?33 “UZ” command not understood.

?34 /?Ore than 29 F~~’f’s pendinq.

?35 Isotype table exceeded.

When an error ls encountered lna FOcALpragram, on error messageis typed

on the teletype in the following format:

?01 AT 3.52

The first number given is the error diagnostic. The second number is the tine

number at which the errorwos encounter~. The following iso Iistof the

stondard FOCAL error diugrwstics, fol lowed by diagnostics for the HYCCUPS
extensionsand the Library. Note that diagnostic numbers 23,through 27are
used in both the Library software and the HYCCUPS safhvare.

?00

?01
?02

?03

?04

705

?06

?07

?08

?09

?10

FOCAL-11 Standard Error Diagnostics

Monuol restort from Iocotion O or by CTRf/C

lil~gal line number

IIIegalvariable or functfon name

Unhatching parentheses

Illegal command

Non-existent line number

Non-existent group or line number in ’00”

Illegaj format in %ET* or ●FQR*

Double or missing aperators in expression

Stack overflow or non-existent device

Core fil led by text or command line too long (o)

15



4.1 (Cantinued)

0

?11

?12

?13

?14

?15

716

?17

-y~,e ..-

FOCAI.-1 1 Standard Error C)icgnostics

Core fi~!ed by variables Or no rsom for varicbles (Q)

Exponent ramje greater than Et 28 (o) I

Disallowed bus address in “FX” (o) /

Division b; zero attempted (r)

Attempt to ●xpnentiate to a negative A wer or power too large (r)

Too many characters in input data (r) L

Square root of negative number (r)

InputbuffiiFiivtirfloW------’-

-,

t

\

.

,

‘J- ●

(o) indicates operational error

(r) indicates a run-time error

I
.

“ HYCW’P5 D icgnostics

?23 Cur=r number na~ 1 of 2

?24 “ Unrealistic arguments in “FZER”

?25

726

?27 ~

il!egal thumbwheel or rotcwy switch

Run time given too large for 25 bits

Origin given is too large or ADC input not 1 to 8

?10 , ‘
?20

?21

722

?23

?24

?25

726

?27

?28

?29

.

t Library Diagnostics:. ---”
J,. *

Attempt to read a progrom line longer than allowed

Non-exis:erst library function:

Open or store with previously used file name

Open, store , ask, or in command when a file is already open fur outpu’

Library function containing non-existent fi Ie

Attempt to kill or write when file}snot open for output

File name missing on library function

Directory full (no mare opens or stores ailowed)

Hardware error on read or write

No more storage space, or attempt to read beyond end of file
(normal ●ntry for “in” on file not terminated with an asterisk)

Hardware error on write, or attempt to write beyond end of medium

(
16
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? 02 at

? 03 ac

? 06 ac

? 08 at

? 09 at

Illeg~L line nu~ber. operJtor hdS cried co write a

program line ac dn ilLeqal line numner, Check avail-
JbLe line Lwmhers in T?(ISmanuals.

[lleg~l variaole or fllnc:ion,lame. t)perdtorhas used
dn non-existent iunccion. Check Function cable TPOS
manual.

Uruaatchittgparenthesis. Operator has not closed all
open parenchesi~ in arichemcic or iunction statement.
Try again.

[lLegal command. Operator should try fncsnded command
agaia.

Non-existent line number. Operator has told program :3
execute a Line that does not exist. Check line number.
If line number should be there and is not, reload pro-
graa.

Xon-exist group or line number in ‘“DO’”loop. Check for
line number. If present, try ““DO””stacemenc again
otherwise reload program.

Illegal Format in ““set’” or “Eor’” statement. operator

has not followed programming fomac. Check FOCAL pro-
gram book for format.

Double or missing operators in expression. Operator
should check program line for program errors.

Stack overflow or non-existent device. There are only
~ error codes Which should caUSe najor concern. This
is one of them. T>.ereare infinite possibilities‘~he~
this couli occur. The nor~ like ones are Llscsd below:

a) ‘dhen this error occurs at step 14 of the startup
Lnscruccions it aehns a device (&DC, nini-Floppy or
memory) is not responding to the unibus signal.
usually you know i: the nini-Floppy is working sine%
chac 1s how T?OS 1 was Loaded or ii core nemor~ is
being dddresseu (T?OS I won’t Load if :he memory does
noc respond to c!~e unibus signal). ALSO che display

and TTY pdd work or again YOU would not have loadea
T?(3S 1. This leaves the AOC. ‘d%en ? 09 occurs ac seep
~:, chuc~ the vari~ble dip swi~ches on che !.505and
150b boards. If these Jrz set i?corzecz;y or Lf the

L5G4 :hrcugh 1506 ?o,lrds are bad, :)OU ge! :be ? ~~ at

-“<s -c”> .



? LO at

? L1 ac
through ? 19

? 20 at

? 21 at

? 22 at

? 23 at

b) .imemory board, controller ~oard, .U)Cboard, arc. ,
fails and t~~enche device Ls addressed ‘willalso cause
a ? 09. C~ncencrate’repair efiorcs an che device se-
iecced chac +lve ? 09.

c) A non-descruccive and acceptable ? 09 occurs when
YOU ,manuallyzero .AOCxenorf irmn channel 1281 to 1535

using the zero button and the visual display. Return
to che program by typing G (CR).

Core filled 5y text or command line too long. This er-
ror occurs E:eauentl;f due :0 operator err~rs. Ii the
op~racor falls to execute seep 18 in the Lnscruccfon
ma,~l before loading in Alpha 1, an error 10 will oc-

cur. The only way co correcc this problen !.sco start
over again ac step 8. The ocher occurrence of :he er-
ror is shen Jwnor3 fails during execucion of Aipha 1.
Replace bad memorj board.

These are standard errors noc normally encountered. If
encountered, Chey wouLd occur during analysis of data
under che .Iioh 1 program. The problem would most
likely be chac che speccrum being analyzed is composes
of all zeros. This vould occur if che operator scored
che speccrum from lnpuc ‘)2 instead of Input ;}L. The
solution is CO verify the existence of a valid spec-
trum. If one exists analyze spectrum on second syscea.
If you get che same error code then
faulty. Acquire a new one. If che
recc, reload TPOS L, CURYOV, ALPHA1
syscisawhere error occurred.

Non-existent Libraq funccion. YOu
counter this error.

che spectrum is
spectrum is cor-
and standards on

should never en-

Open or store with previously used file name. This iS
a common error and simply means that the ooeracor has
actempced co scare 2 separate data files (speccra) with
the same 4 digit ID numbers.

f
Solution: lst, the

operator should cy eC’@(CR). This will put the
uperat~r back into che Alpha 1 program ac che COM?is&ND:
locacion. The operator can now type ‘“Files”’(CR) and
determine vhen che duplicace number occurred or type
““SAYPLE””or ‘“BACKGROUND”(CR) and attempt Co “STORE”
che data file again, but with a different number.

Open, score, ask or in-command uhen a iile is already
open ior Lnpuc. C)peracor will not see this error.

Libra~ Eunccion concaininq nun-exiscenC tile name.
This is a common error made by all operators. The
error code simply means: a) the diskecce in che disk

drive is the +xron~ one or b) the operator never
scored a ftie with the soecffied nunber on iC. solu-
Cion: First check to determine ii che correcc disk-
ecce has ~ec-ii:n>erced in che cape drive.



? 24 at

? 26 at

? 27 dc

? 28 at

? 30

?31~-?35

T!-Iis f.s ch.emost cxnmon operator misc~ka. Insert the
correct Jiskec:e then c~pe “G (CR).” This will place
the operator !MCk in Alpha 1 COYJLX:D: mode. ‘The oqer-
ator clnencries to r4caLl :he sqeccrum again. If the
COr:tiCZ diskec:~ :~ in :~e disk dri,Je , then ei:her the

operator entered the wrong ~ile number or never r2-
corded the tile. Check t~ see if the file exi~:s on
the diskette by :yping ‘“G (C3)’” (which places operator
back fn che CQ:!!L+’iD:mode) and then F1~&s (C~):Q

.\ccempt to KI1.Lor ‘.w’RITTwhen on ?ile is open far ouE-
puc. This errar shouid noc be experte~ced.

T
Directoq i<full. The operator may encounter this
error if he(sb.e)attempts to score more than 72 files
(spectra) on a diskecce. Xormallv, this error means
that the file ‘~hich the operator tried to store has no:
been scored and ausc be scored on Kh.enew diskette.

fiarclwareerror indicated on read or wri:e. This errar

occurs under several cases: 1) Operator tried :0
score data on uci:e protected dis’kette. Place unpro-
tected diskette ia dis’~ unit. Type “G (CR)’” and ;r] co
score or recall data again. 2) Operaeor has fnser:ed
disk with urong orientation. Remove diskztce and
Insert properly. Type “’G(CR)’”and t~ to store or
recall data again. 3) :he disk cgncrollea Ls
malfunctioning (board by ‘& bin). Operator should
type ‘“G (CR)”’and try to score or reca~l data again.
The controller board occasionally malfunctioning on ics
own. There is no real slgni~icance to che problem un-

less Lt becomes a nuisance. (Far example, one or two
error 27s per 14 hr day is noenal). The first solut:on
is to open che TP-50 cop and allow more air flow to the
contro:lsr. Ii this does not solve the problem, re-
?lace conKrollsr board. NLote: An error 27 means no
data was stored or recalled.

Attempt to read file beyond last character or program
file not auto starting. Operator should see this error
when reading in P!QDJ and C’JR’U.CVprograms.

Hardware error or write or dttsmpc to write beyond the
end oi medium. Operator will see ibis error if he(she)
cries co store more than 72 data files on a diskecce.

Lllegal rwr.ericalargument. Operator will 5requeat-

Ly see this error in Program ?!!A.DJ.Error code just
indicates chat severzl D?~\ cfev~~es required data trans-
fer simultaneously and one device received errsricdata.
T’o conci,we type ““G(CR)’”.

Errcr ~~des noc applicable so currenc use.



Results

The results generated by the computer

of the radionuclides that are present fn/on

indicate the mlerocurie quantities

the individual. The computer an-

alysis technique used CO resolve ?“nato peaks from a SaI (Tl) detector is a

weighed least squares fitting technique. This approach has been chosen over

manual spectrum stripping or photo peak regression analysis because the tech-

nique provides operator independent res~ts, sufficient info~ac~on to de-

temlne if a significant radionuclide has been mfssed and accurate results for

positively identified radionuclides vhen all nuclldes present ia the sample

are uot present in the nuclear library.

There are limitations of this anaLysis software (Alpha T). It is a

nuclide specific analysis technique with a limited nuclf.delibrary (I.2

nuclides). This means that to properly analyze a spectrum, the operator aust

first know what are the possible components of the spectrum, have calibration

standards for those nuclides, and then select the proper nuclides to be part

of the analysis package. The system is also somewhat geometry sensitive. Yo

geometric corrections are applied to the data ocher than those aade by seLec-

tion of proper calibration phantom size. Consequently, individuals who

significantly differ from the standard man, adolescent or juvenile phantom

used for system calibration may have their body burdens be in error by several

percent. This error is not included in the counting error which is reported

with each result.

In addition, under routine operation, any positively identified nuclide

is assumed to have entered the body by the ingest~on pathway. For pur?ose of

dosimetry, the exposure is assumed to follow a constantly increasing or de-

creasing uptake scenario and the committed dose equivalent is computed based

on the measured body burden, retention functions md cumulated ac:ivity



L3
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.’

Whole body conting

within 45 days followizg

3ec3rds

results are reported to che ~epartaent of Znergp [

a field trip. Dose equivalent comnicaents are re-

Por:sd periodically as the need arises.

Whole body counting restdcs are recorded in the daily equipment opera-

tions log, La an individual record log and in the personnel dosinet~Y data

base. All results are to be considered as private, but are avaiable ta the

individual upon request.

14
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‘)-. Portable Hi Val Salloles

These samples will be used co 3.ss25s local resuspefision mediated !Jy
human activity. The air sampling cqui?msnc is usually operated ac
selected sites in che field while the survey team is on scatian, acd
rsmovec! when the survey team Lzaves. The equiprnenc consists of A. C.
operated high-volume blower coupled co 8 x LO inch filter media (usually
glass fiber).

‘l%esanplers should be installed as close as possible co people war!c-
ing in a defined area, and they should be biased toward the downwind siclz
of the work area. If [ossible, the samples should be operatea only during
periods of human accivicy. Flow rates and operating times muse be logged
to determine the total ‘Joiumes oi air samples. This equi?ment muse be ?owered
by portable electric generators in the field.

3. Aerosol Particle Sizing Sar91eS

Two high-voLume.4cdcrssn casczae impaccors are available for particle
size-selective air sampling. These samples will be used for assessments
of the respirable fractions oi resuspended asrosols. Two cascade irupaccors
are available: a 4-stage unit coupled CO a standard Hi Vol blower, and
a 5-stage sampling head which ausc be operacad with a positive displace-
ment pump (such as the Roots blowar, in the fixed-station sampling equipment).
The spacif~cations for the caScade impaccors are l~st~d in Che table below:

Jet Place Xo.
1-1

Effeccive Cut-off (pm-WLAD) ‘
7.0

2-3 3:3
3-4 2.0
4-5 1.1

“special” (S-stage only) 0.43
5-8 Collection Plate Only

Backup Filter 1.1 (4-stage) or
0.43 (5-stage)

The 4-stage unit must be operated as a portable air sampler while the survey
team is on-station; and it is generally operated in association with the
portable Hi Vols. The 5-stage inpactor has anodized jet plates, and may be

operatecI in the field for extended periods of time. Long-term sampling is

desirable co perform radioassays of aerosols ac very low activity concen-

trations.

c. Setup and Calibration or Instruments

1. Andersen Cascade Iinpactor

(a) Cleaning of the Orifice Collection Places

,,

(
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.scandard ?racedure for Air Sampling
Marshall Island’s Radiological Safety Program

A. Purpose

An air sampling program has been establishe,[ to identify and quantify
radioactive aerosols on the village islands of ;ikini, Rongelap and !Jtirik
Atolls. It is felt that tliese aerosols are genl.rated primarily through
resuspension of radioaccivu materials in local ,oils; and that resuspension
processes are nediatsd by the wind and by human activities. The program is
designed to characterize seasonal variations in airborne radioactivity, and
to determine annual average concentrations from which dose commitments via
the inhalation pathway can be dzrivsd.

B. Sample Types

Three types of air samples and associated s,lmpling equipment will be
used in the air sampling prograa. They are (1) fixed station high-volume
samples, (2) portable high-volune samples and .3) aerosol particle sizing
samples. Each of these is discussed below:

1. Fixed Scacion Hi Vol (or “H\5L”) Sample:

These samples will be used co assess cil,le averaged concencracions
of down-coming fallout and ‘~ind aediated re:iuspended aerosols. The
sampling equipment consiscs of a Rootspositl.ve displacement blower and
a 1 hp motor powered by 110 ft.\c line source.;, or by D.C. battery banks
charged by wind-powerad electric generators This equipment is an
adaptation of the HASL designed air sampler used for world-wide ~all-
ou: monitoring. The sampling head consists of an 8“ x ld’inch filter
holder coupled to four para-. ‘Tel Unico cyclo,~e preseparators which remove
particulate greacers than about 5 ~m MMAl). A dry gas meter in the
sampling line incegraces the cocal flow during the sampling periods.
The samplers are designed co run semicontin,lously for 1 CO 3 months
between sample changes

As of Occober 1977, fixsd station sampl:rs were installed at the
following field stations:

Location “ Purpose
Kwajalein Is., Bldg. 83S Control

Power Source
A.C.

Roi-Namur Is., LOCB Control A.C. ‘“
Bikini Is., Coaimunity Lenta: Expt’1

.-
D.C.

Rongelap Is., Athletic Field Expc’1 D.C.

Utirik Is., Achlecic Field Expc’1 D.C.

A sixth air sampler modifiad for aerosol particle sizing is available
to be operated as a temporary iix.ed-station sampler. This A.C. unit

is powered by a diesel electric generator.



(b) Arranging c!~e.Ass.embly

i.

ii.
iii.

iv.

v.

vi.

vii.

Place a circular gasicec on the interface; pl.~ce
dusting talc on the top and bocsom side of all
gasket to minimize adherence to the collection
paper.
Place place 5 011 top of the gasket.
Next place a tared collection disc (configuration
#2) on plate 5. Be sure all collection substances
are placed on the plates with the rough side ~.
Next, place another gasket, place 4, a tared
collection disc (configuration #l), and so on until
plate 1 is in place.
Next, place the thick washer, recessed side down on
the bolt. On cop of this washer, place the thin
flat washer and then the speedball handle.
The sampler is now ready co be interfaced with che
standard High Volume Sampler.
Place a tar?d 8 x 10 backup filter in the high volume
holder, place the rectangular gasket on top of che
filter and interface with che impaccor.
Xand tighten all four corners of the interface plate.
with the wing nuts so chac no leakage occurs.

(c) Adjustment to 20 cim

i. Open both ends oi che manometer and connect one end
co the brass fitting on the incezface plate wi~h che
rubber tubing applied.

ii. .\djust che manometer reading to 6.0 inches (verify)
by the use of the variac. This pressure differential
corresponds co 20 cfm

2. High Volume Air Sampler

(a) Calibration at the Shop

i. The manufacturer calibration curve may differ by as
much as ~ 10Z from calibration curves generated by
using-the calibrator set at BNL.

ii. The field flowmeter previously used will be changed
to a magnehelic pressure gauge with range from O-2
in Hg. A calibration curve will be generated for
will be generated for the latter.

(b) Out in the field, just observe che pressure reading once
in the morning and once in the afternoon daily. This is

to record the eifecc of loading. If there reason co doubt
the flowrace due co special occurrences, e.g. power shut-
off, read the pressure reading again.

(c) “Hle power co be used ouc in the field will be either t!~e
~as fired generator, ship power, or conventional A.C.
l~tlclet.s. Be (i14rc chr: nc~.essary ctll~lt:s and ad~lpcors arc
‘Irdsenc.



(d) The fuel for the gas fired genaracor is supplied by cwo
j gallon tanks of gasoline; it xas found that this 10 gallons
of fuel could provide the generator with power for approxi-
mately 16 hours. Yoce: Check dzily oil level; make sure
the oil is clean; and that the Ssnecacar is not overheating,
etc.

(e) The Hi Vol is equipped with an ●lapsed time meter co indi-
cate the amount of time the sampler was run. Note that
after each operation.

(f) From preliminary data, it was found that continuous Hi Vol
sampling at the indicated time for each island could provide
the necessary amount af Pu acciviz:; in che filters.

Bikini --at least ?.5 days total

Rongelap --at leasz 4 days total

If the filters are only to be analyzed graviaecrically,

2.5 day samples ac each island xoul.d be sufficiency.

3. H4SL Sampltir

(a) Record che reading on che Drv Las }[etar AISO record the— —“
pressure gauge reading anc fill o; c the information asked
for in the index card, e.g. dacs, oil change, etc. AFTER
REMOVING A USED FILTER A2YD U?O:: ?~.iCI:iG A NEW FILTER.

(b) The filter to be used is microsorian with a backing paper
between the filter and the screen ~f che blower unit, It
has a plastic frame to prevent ad?~rence of the filter
paper CO the gasket. Upon removal of a used filter, care-
fully remove the plastic frame and fold the filter in half
then in quarter and place in a pre~eighed glassine enve-
lope. Attach the index card with the necessary informa-
tion and place in a plastic has.

(c) To verify optimum time for HASL sampling, the caretakers at
Rongelap, Bikini and Utirik will have to be requested to
note the pressure gauge reading once a week. This informa-
tion plus the requirements of minimum detection limits will
decide optimum sampling time.

(d) Tentatively, KASL samples will be left at the following
places for this Iengch of the for both the cyclone separator

Bikini 1-3 =oxchs
Rongelap 2-3 mnchs
Utirik 3 mnchs
Kwajal.ein 1-3 zanchs

and the filter papers. Place che concents of che cyclone
separators in seoaracc glas.sine ●nvelopes.



D. Air Filters

Only the glass fiber filters ars weighed. They are assayed gravi-
mctrically for mass loading as ~w’ell as ch.enically for Pu accivity. The
inicros or ban filters are just ~va~l~aced radio c~hemica~~ y for PU ac~ivity,

!Jeighi?,g ?roce.dures :

1. Place the air filters on the racks and heat overnight in the
large oven in Joe Steimers’ lab (see at 80”c).

2. Let oven cool for at least 4 hours wftq dessicant at the bot:om
before \Jeighi2g the filters.

3. Use the baffles attached co both side {indows of the }!ettler
balance in Joe Steiners’ lab. Veigh the filter, the necessary

glassine envslopes.

4. Make sure to weigh and score in a safe and clean place CO:4TROL
samples of all Eypes of filters and glassine snvelopes.

Note: The rationale for the glassine envelope is as follows:

Should the sample flake off from the filter while
handlin~ and shi?pias ix sizable amount, the enve-
lopes are analyzed along with the filter.

,.- 5. The sane pr~ceduiz is ussd for analysis of filters after use in
the field.

E. Soil Sampling Associated with the Air Sampling Program

1.

2.

3.

HASL Sampling

Take cwo 2.5 cm downwind and in franc of the sampler for soil
moisture determination. Label vich date, location, etc.
Package sampie securely in a plastic bag. Place bagged sample
and label in a second plastic bag.

Hi Vol Sampling

(Same as above).

Andersen Cascade Iapactor

Do the same as above only if the ACI will be sampling for an
adequate amount of tiae for radioassay for Pu activity.



F.

G.

Criteria for Location: (Tentative --before F.C. comes up with her
extensi’~e design of experiment)

1. High Activity

2. Nhere People Are: Human Activicy

3. Downwind of Highly Contaminated Areas

Suggestion for Hi Vol. and ACI sampling for this March trip

Bikini-- see LLL soil accivicy data sheet (esp. Pu accivity)
Area 4 and Area 1 interface will give high PU accivity
and high human activity. Make sure sampler is downwind
of highly contaminated area.

Rongelap--Northern Island if possibLe or else Rongelap Island
where the

chat.

Utirik--place where
people live

Kwajalein--anywhere
the Reef

women bring their cloches to wash while they

the church and council building and where
is locaced

there except che first sampling site--by
Bachlor/s quarczr
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Protocol for Urine Bioassay Sample Collections

Marshall Island’s Radiological Saf,!cyProgram

A. Purpose

Radiochemical analyses of urine are used to determine the excretion rates
of radionuclides from individuals living in areas affected by the Pacific
Testing Programs. The results of these analyses will be used to:

(1) estimate body burdens of 90Sr, Zsg,zqoptl, and other radionuclides

which cannot be detenined with in vivo counting techniques,

(2) provide independent estimates of body burdens of gamma emit:ers
(such as 137CS) which can be determined by in vivo councing, and

(3) provide an indication of the extent to which restrictions on
certain local food items are being followed.

B. Sample Types

Three types of urine samples will be used in the bioassay program. They
ara (1) single void “grab samples”, (2) 24-hour urine samples, and (3)
large-volume samples comprised of several 24-hour samples. Each of :hese is
discassed below.

(1) Sin~le-void “~rao sample”

This is the least desirable type, but it is also the easiest type
co collecc. Grab samples are useful for estimates of Sr and Cs excre-
tion rates, but 24-hour samples are definitely preferred. Laboratory
limits of deteccion are, in part, a function of sample volume (total
activity per sample). A practical minimum sample volume is 200 ml.
Attempts should be made to collect more than one voiding, if possible.

(2) 24-hour urine samle

This is the preferred type of sample for routine urine bioassay
(except for alpha-emitters). The sample volume (500 to 1500 ml) should
be adequate for Sr and Cs radio-assay, and analytical results can be
directly compared with published excretion rate data for esti~tion of
body burdens.

.

(3) Large-volume saumle
.

Because of the limitations of radiochemical and counting procedures,
large-volume samples ~5000 ml) must be collected for bioassay of crans-
uranic nuclides. Typically, these samples will consist of five or more
days of aggregate 24-hour urine collections. Special precautions muse
be followed to minimize the possibility of sample contamination with
extraneous material (primarily “local” dust and dirt).

c. Sample Collection Procedure

(1) 24-hour urine samoles and single-void samoles



Provide subject with a one-liter or larger plastic bottle which
has been prs-creaced wicti th~ol preservative. Note subjects name,
location, date and time on sample bottle. Instruct subject to void
and empty bladder just before beginning sample collection, and to
wash hands before each successive voiding into the sample concainer.
Collect all urine for the next 24 hours in the sample concainer,
including a final voiding to empty the bladder just before returning
the concainer to the field-trip team or its representative. Note
dare and tiae of final voiding.

The sane container may be used for single-void samples. Ask
subject to wait until he or she has to urinate, wash hands, then
void into concainer until bladder is empty.

(2) Large-l~olume sarmles

Provide subject with a 2* gallon or 5 gallon “cubitainer” or simi-
Lar plastic container which has been pre-created with thymoL. Note
subjectls name, location, date and time on container. Instruct subject
to void and empty bladder just before beginning sample collection, and
CO wash hands before each successive voiding into the sample container.
Collect all urine for the next 12C hours (5 days) or longer if possibLe
(maximum: 10 days). Just before returning the container to the field-
crip team ac the end of zhe sampling period, the bladder should be
emptied in one final voiding. Xote the date and time of the snd of the
sampling period on che container.

D. Sample Container Preparation, and Post-Collection Treatment

All sample containers should be “pre-treated” by adding 15 ml of 10%
thymol solution in alcohol. The solution should be swirled in the container
to completely coat the sides, and the top should be left off until the alco-
hol evaporates leaving a dry thymol residue coating its inner surfaces.

After sample collection, 10 ml of concentrated HN03 should be added to

each container per liter of urine collected. SamDIe volume may be escimaced
The amount (volume) of HN03 added and date should be noted on the sample
container. The concainer may then be sealed and packed for shipment to B,NL.

Upon arrival at BNL, the sample volume and pH should be measured, and
additional concentrated HN03 added to adjust the pH to -2.0. The samples
may then be submitted for analysis.

.
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RADIOCHEMICAL .AWLYSIS OF URINE, TEETH AiVD YILK

.
URIXE BIOASSAY SAMPLE COLLECTION AND RECZIV12JG

Xadiochemical analyses of urine are used to determine the excretion rates

of radionuclides from individuals living in areas affected by the Pacific

Testing Programs. The results of these analyses will be used CO:

1.
90Sr 239 240

estimats jody burdens of ?U ,7 ?u, and other radionuclides

which cannot be determined with in vivo counting techniques,

7-. provide independent estimates of body burdens of gamma emitters

(such as 137 Cs) which can be detenined by in vivo counting,

3. provide an indication of the extent to which restrictions on certain

local food items are being followed.

g-
.’

Sample Types

Three types of urine samples used in the bioassay program are:

1. siagle-void ‘t~rab sampLeft. This is the least desirabie ty~e, but it is

also the easiest type co collect. Grab samples are useful for esti-

mates of Sr and Cs excretion rates, but 1 liter samples are definitely

preferred. Laboratory limits of detection are, in part, a funccion of

sample volume (total activity per sample). A practical minimum sampLe

volume is 200 ml and attempts should be made to collect more than one

voiding if possible,

2. one liter urine sample. This is the preferred type of sampLe for rou-

tine urine bioassay (except for alpha-emitters). The ! liter sampie

volume is required for Sr and Cs radioassay and analytical results can

1



5e directLy conpared with ?ublished excrecion rate data f~r estimation

of body burdens,

3. large-volu~e saznple. ~ecause of the Lizi:ations of radi~chenical and

counting procedures, large-volume sanples (>5000 ml) must 5e collected

for bioassay of transuranic nuclides. Typically, these samples will

consist of five or more :/s of 1 1“Lter urine collections. Special

precautions must be followed to ainimize the possibilit:~ of sample con-

tamination with extra~eous aateriai, ?rinariiy “locai” dust and dirt.

Sample Collection and Receiving

provide the subject with a Clean ~ liter polyethylene boCCLS. Instruct

‘hiD/her to empty the biadder just prior to sample collection, to wash ‘nis/her

hands hefare each successive voidicg into t?.e sample container and to collect

all urine passed until the sample container is filled.

The 1 Iitzr container may also be used for single-void samples. Instrucc

the subject to wait until he/she has to urinate, then give instructions to wash

hands and void into the container until bladder is empty. For large-volume sam-

ples provide the subject with 5 or more 1 liter bottles, using the collection

procedure as indicated above. The subject must collect all urize voided for the

next 5 - 10 days until all of the boctLes are filled.

After samples are submitted to the field trip team 15 grams (1 Tablespoon)

of ~oric acid are added to each liter.

Large-volume samples intended for ?lutonium analysis must 5e acidified with

10 ml of concentrated HNO~ per liter of urine and the date noted on the bottle.



Containers are to be labeled with the following iaiormation at the time of

collection:
-

1. name of individual submitting specinenj

2. date of collection,

3* person’s identification number,

4. location of sampling,

5. sex.

pyiar to laboratory analysisl all sample iniomation must be entered in the

bioassay log and samples are to be assigned a sample analysis identification num-

ber.

UR1!E SAM?LZ ?R.E?.QATION FOR ?HOTCN S?.ECTROSCOPY

Sample volutnes and pH are measured and recorded. The PH shouid be adjusted

to 2.0 with concentrated nitric acid. If sample volume is sufficient then 300

ml of each sample is to be pLaced in a 300 ml capacity sealable can (8 cm diame-

ter x 6 cm height), labeled and gamma scanned. If sample is less than 300 ml,

dilute premeasured volume to capacity with distilled water and scan.

Samples are counted on a large volume lithium-drifted germanium detector.

Data output for each sample is processed, stored and analyzed using a computer

based multichannel analyzer. Sample counting ttiej usuallY 6>000 ‘0 10~OoO ‘ec-

onds is determined by the sample activity concentration. Data are analyzed by

standard nuclide identification software for photon emitting radionuclides.

Data analyzed prior to 1981 used a peak search routine as developed by Cast of

LASL and Aebersold of Tennecomp Systems. Subsequent data have been analyzed

using soft-~are developed by Nuclear Data (Report #48-0004). The MLD’s for a

3



10,000 second count for 137c~ and 40K are 2.5 and 3S.0 pCi respectively.

?Otassium-uo is a nat.drally Occur=ing radionuclice and is nO~allY found in

urine at concentrations of 1500 pCi/L ~ 30% (one standard deviation). Following

90
gamma analysis, sample aliquots are returned to the original sample for Sr

239
andlor Pu analyses.

SAMPLE ?REP.4.MTIONFOR 90S2 ANALYSIS OF TEETH AND MIX

Xeagencs

85
Strontium Tracer

Strontium Carrier
Yttrium Carrier

Cation Sxchange Resin
Xitric Acid -
Sitric Acid
Hydrogen ?eroxide
Hydrochloric Acid
Hydrochloric Acid

SOW x 8
Cone.
8N
~o~

Cone.
0.08N

(
Care should be taken to record all fresh and dry weights on all samples

from vhi.cnwater is removed. The following procedure is tO be perfo~ed on milk

samples:

1. to a 1 liter sample of milk add 1 ml of
85

Sr tracer, 40 mg of strontium

carrier, 40 rug yttrium carrier and stir)

2. add 60 grams of washed SOW x 8 cation exchange resin and stir for at

least 30 minutes,

3. allow the resin to settle overnight,

4* remove the milk with suction, taking care not to disturb the resin?

5. wash the resin with 400 ml of distilled water and remove it with suc-

tion, discard the milk and wash water,

4



6. add 400 ml of 8N HN03 to the resin and stir for at least 30 minutes,

7. filter the acid through a ‘Whatman ‘~42 paper and wash the resin ‘~ith

three 50 ml volumes of 8N HN03~

8. evaporate the acid solution to dryness, add 50 ml of 30% HqO
.2

and eva~o-

rate to dryness,

9. cool and dissolve in 50 ml of 1:1 HCI; if any insoluble material re-

mains at this point filter through a double Slass fiber filter ?a?er~

transfer to a 150 ml beaker and evaporate to dryness,

10 ● dissolve in 60 ml of 0.08N HC1 and proceed to step :}1 of the HDEHP

procedure.

The following ?rocedure is for the preparation of teeth samples for

radiocnemical analysis:

10 due to the small sample size and the fact that ia most cases strontium

242 85
and plutonium results are requested add both PU and Sr tracers, 40

mg strontium carrier and 40 mg yttzium carrier to the sample?

2. dissolve sample in i:l HN03 and wet ash to yield a clean white resiciue,

3. dissolve residue in dilute HN03 and proceed to plutonium alkaline earth

phosphate method, strontium analysis is perfozmed by the HDEHP method

on the column effluent.

r’”
\



SEP.&%ATION OF 9*STRONTIUM FROM URINE SAMTLZS 1 LITER OR LESS

Xeagencs

85
Strontium Tracer

Octyl Alcohol
Nitric Acid
Strontium Carrier
y~tri~ Carrier

Calcium Chloride
Oxalic Acid
Sodium Hydroxide
~~drochloric Acid
Hydrochloric Acid

TSe procedure is as follows:

1 measure sampie iato a 1.5 liter ~e~ker,. .

9-.

3.

5.

5.

7.

8.

9.

Cone.
20 mg/ml
20 mg/ml
*.1X
Saturated Solution
5M
Cone.
0.08N

place beaker on a stirring ‘not place and heat SLOWIY to a*-~50c~

1 with nitric acid (add acid in small amounts toacidify sample to ?H .

‘SW drous of octyl alcohol if neces-prevent .excessive foaming, use a . .

sary) ,

85 (

add 40 mg each Sr carrier and Y carrier, 1 ml Sr tracer and 50 ml

O.l?f CaC12,

digest with stirring at 80-85°C for 30 minutes,

adjust to pil4 with 6M NaOH,

add 40 ml saturated oxalic acid solution and mix well,

readjust to pH 4 with 5M NaOH and digest, with stirring, at 80-850 for

30 minutes,

remove from heat, remove ‘sci~ring 3ar and let settle overnight,

10. filter sample through a T+%atman#42

NH&OH wash solution to rinse beaker

ashless filter paper using dilute

and precipitate,

5
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11. transfer filter paper and precipitanceto a 150 ml pyrex beaker and dry

at 125°C far 1-2 hours,

12. place sample beaker in a muffle furnace and slowly raise the tempera-

ture, over an eight hour period, ta 5COoC and muffle at jOO°C

overnight,

1~$ remove from furnace and allow to cool,

14. dissolve residue in 1:1 HN03 and wet ash to a clean white ash,

:5. convert to chloride by the addition of 10- 15 inl cone. HC1 and jake dry!

16. dissolve residue in 60 ml 0.08N HC: and stir 10-15 minutes,

17. proceed with Step 1 of HDEHP procedure.

SE?~&~TION OF 90 Sil i’RCM URINE SA!?!PLES7.5 TC 15 LITERS

Reagents

85Strontium Tracer

Octyl Alcohol
Hydrochloric Acid
Hydrochloric Acid
Nitric Acid
Phosphoric Acid
Strontium Carrier
Yttrium Carrier
Calcium Chloride
Ammonium Hydroxide
HDEHP

0.08N
Cone.
8N
6M
20 mg/ml
20 mg/ml
O.lM
58:
20% & 5% in
Toluene by weight

/

90
This procedure is designed for Sr analysis on composite urine samples.

It is usually a batched sample obtained from persons who have been relocated

’90
away from contaminated atolls. The contribution of Sr to urine from the diet

.

to blood to bladder pathway is eliminated. Thus, the
90

Sr passed to urine is
.

contributed only from 3one at the rate of .05Z of the bone burden per day. For

7



:y?i.cal 5one 5urdens in the !4arshaLlese, th!.s means the levels in urine would ie

between O.i to 1.0 pCi/liter. The samples are grouped for anal:~sis accor2in3 ~a

age, sex, and location. .+ ten liter sample is often required to obtain results

gre~c~r than the sys&e~’s minimtml aetecta’a~a limits .

The

1.

2.

3.

~ .

5.

5.

7.

8.

3. .

10.

11.

12.

procedure is as follows:

measure sample aliquots of 2.5 litars into a 4 liter beaker,

aad cone. HC1 to the sample to make the urine 0.211in HC1 and ;rielda

clean solution,

heat sample, with stirring, to a temperature ‘of 85-90QC,

85
add 40 mg strontium carrier) ~0 mg yttrium carrie:~ 1 ml SR tracer,

40 ml of 0.1!4 CaC12 and ~ ml of H3?04,

continue stirring far 30 minutes,

slowly add ammonium hydroxide until a 5asic ?hospnatz precipitate is

visi51e. Continue the addition unzil t5e solution is basic CO a OH of

9 or greater, (“

allow the precipitate to settle overnight?

aspirate the supernatant liquid to the lowest possible level such that

the precipitate is not distxrbea,

filter the sample through a %%atman ?}42 ashless filter paper using ai-

lute NH40H wash solution to rinse the beaker and precipitate,

transfer the filter paper and precipitate to a 150 ml pyrex beaker and

dry at 125°C for 1-2 hours,

place gautple beaker in a muffle furnace and slowiy ~aise the tempera-

ture, over an eight hour period, to 500°C and muffle at 500°C
.“

overnight?

remove from furnace and allow to cool,

(..



13. dissolve residue in 1:1 HN03 and wet ash to a clean white ash,

14. convert to chloride form by the addi:i on of 1O-15 ml cone. HCI and bake

dry,

15. dissolve residue in 40-50 ml of 0.08N ‘dC1 and stir for 10-15 minutes,

16. adjust the pH to 1.1 t 0.1,

17. if any solids remain at this point, filter sample through a glass fiber

paper using 0.08S !lCl as a vash solution,

13. transfer sample solution into a 125 ml separator funnel!

19. rinse the sample c~ntainer with 60 ml of 20% HDEHP and add to

separator funnel,

20. extract the sample by shaking vigorously for 2 minutes. Aliow the

phases to se?arate and drain off t?.e lower aqueous phase into a second

125 ml separatcry funnel containing 6(3 ml of 20% HDEHP,

21. extract the sample again by shaking for 2 minutes and allow phases to

separate,

22. drain off the aqueous phase. The aqueous phases of 3 to 6 samples may

be combined to make a composite sample of 7.5 to 15 liters,

23. evaporate the combined sample sLowiy until salting out occurs. Dilute

to 40-50 ml with distilled H20 and adjust plito 1.1 t 0.1,

24. if any solids remain at this poinc~ filter sample through glass fiber

paper using 0.08N HC1 as a wash solution,

25. transfer sample solution to a 100 ml polyethylene botclej add U mg of
85

yttrium carrier, gamma count for Strontium recovery and store for i8

days for
90.

ftrrium ingrowth,

(

26. proceed to Step 6 of the HDEHP procedure.

9



If

the two

;IydrochloricAcid
HDEI??
HDEHP
Nitric Acid
‘fttriumCarrier (Purified)
Ammonium Hydroxide
Oxalic Acid

0.08N
20% in Toluene ‘3vweight.

S: in Toluene 5y weizht
3X

20 mg/ml
5a::
Saturated Solution

?relininary results are desired, SZZ?S 5 ihrough 9 can 5e carried o’~t on

60 ml aliquots of 10% ‘HDEHP.

The ?rocedure is as follows:

1.

?-.

3.

4.

5.

6.

7.

transfer 60 ml of 0.08N HC1 sample solution inca a 125 ml separator

cxnnel, add 20 mg ytt~ium carrier,.

rinse sample container with 60 ml of 20% HDEHp and add to 5eparatOr;r

funnel,

extract the sample by shaking vig~rously for 2 minutes? allowing phases (

to separate, then drain off the Lower aqueous phase into a second 125

ml separator funnel containing 60 ml of 2gZ ‘HDEHP,

extract the sample again by shaking far 2 rainutes,allowing phases to

separate and recording the time of second extraction~

drain off the lower aqueous phase into a 100 ml polyethylene bottle,

add 1 ml

store.18

transfer

85
of yttrium carrier, gamma count for Strontium recovery and .

days for
90
Yttrium i>grcvth,

sample to 125 ml separatary funnel and extract with 60 ml of.

5% HDEHP. Note the time of extraction. Save the aqueous phase for f’a-

cure extractions if cecessary,

wash the organic phase by shaking with 60 ml c: 0.08N HC1,

10



3. repeat ste? 7,

go
9. e::tract Yttrium from che j% HDEH? with two 50 ml volumes of 3N HN03.

Shake 2 minutes for each extraction and combine the 3N HN03 solutions

in a 250 ml beaksr,

10. evaporate the 3N HN03 solution to a volume of a few ml and

. quantitatively transfer to a 50 ml centrifuge tube with several small

volumes of distilled H20,

11. place centrifuge tube in a hot watsr bath and adjust pH tc 8-10 with

~40H to precipitate yttrium hydroxide?

12. centrifuge and decant supernatant liquid,

13. was’n precipitate with 10 ml distilled H 0, centrifuge and discard wash~2

14. dissoive precipitate in 1:1 HCI (1-2 ml), slurry and bring vol’umecs 25

ml with distilled H20,

15. add 2-3 ml saturated oxalic acid, 0.5 - 1 ml NHLOH, stir and digest at

85-90°C for 1 hour,

16. filter through preweighed glass fibre filter and dry at 100-110° for 10

minutes,

90
17. weigh sample and paper and determine gravimetric yield of Yttrium,

18. mount and beta count!

90
Lg* count again in 24-48 hours to verify Yttrium decay.

Counting Equipment

90
Strontium is counted as its daughter product

90Yttrium usiag an anti-

coincidence low background beta counter. The system has an absolute 51%

countiag efficiency and a’bac-kground range of 1.0 - 1.5 cpm. -Recovery of the

11



~amma-emi tt ing 35 Sy tracer is dete~ined LLsin3 a !?aI(Tl) crystal and

muitichanrielanaiyzer.

A.LKA.LI!?E-ZARTH ?HOSPKATE ?RECI?ITATION
.

Sodium Nitrate
Octyl Alcohol
HiEric Acid
?hosphoric Acid
Potassium Hydroxide
lHydr~chloric Acid
Eluting Solution
Calcium Yitrate
Eyarogen i?eroxide
Anion Exchange Resin
Sodium 3isulfate
Ammonium !iydroxide
Sodium Sulfate
242Plutonium Tracer

Plutonium is co-precipitated with urine salts

The organic material carried hy the precipitate is

Zone. and 7.2X
95;

48

Zanc.
30 ml Hcl, 0.3 ni H?/Liter H,O
Saturated Solution (Filtered~
30:
4Gix4 50-iOO mesh
5:

!42
15% (Filtered)

4 d/m/ml

by alkaline earth phosphates.

dry ashed in a muffle fur-

nace. Plutonium and urine salts are dissolved in 7.2N nit:i: acid. The pluto-

niun fraction is absorbed onto an anion exc”nange resin and eluted with C1.3bX HC:

- 0.008N “FE?. Plutonium is electrodeposited onto ~“ diameter stainless steel

discs and its activity dete~ined by alpha pulse height spectrometry.

The peocedure is as follows:

1. add sample to an appropriate size 5eaker recording aliquot volume.

Rinse sample container with 7.2N HN03 and add to sample beaker,

7-. add an additional 5 ml of cone. HNOj, place sample on a stirring hot

plate and adjust temperature to 80° t 5°C,

12



3. add 242Pu tracer, 1 ml of 85Z S3?CG, 0.2 CIL of saturated Ca (N03)2.

If subsequent
90

be perfo~ed on sam?le aGd ~Strontium anal;.-sis is to
-

a5,. ml strontium carrier, 1 ml yttrium carrier and 1 ml of Strontium

t=acer to the sample as well,

4. when sample has reached 80°C, aad 10 al of 30~~ H20. and stir sampie 30

minutes. If the sample is allowed to stand overnight, all reagents ex-

cept :H0, should be added immediately after aliquoting,
2*

5. add 100 nl of 58% NH OH and allow sample to digest for one hour.
4

If ex-

cessive foaming occurs add 1-2 dro?s occyl alcohol,

6. remove sampLe from hot plate, remove stirring bar and after 1-2 hours

check for complete precipitation !J:~ adding a few drops of NH40H,

7. allow precipitate to settle overni;nt,

8. aspizate supernata taking care not ta dist~rb preci?itace,

9. wash down the sides of the beaker -~ich 25-30 ml of cone. HNO
3

and bring

r to complete dr”pess on a hot plate at 150°C,

~.
10. repeat step 9,

11. place sample in a 500°C preheated muffle ,furnace for 2 hours,

12. remove sample and cool to room

13. add enough cone. HNO
3

to c~ver

!40 repeat step 13 five times,

temperature,

the salts and

15. dissolve salts in 70 ml of 7.2X HN03,

bring to dryness at 150°C,

16. add 25 mg of 2?aN02, cover and heat at 30°C for 10-15 ainutes,

17. allow solution to stand 24-48 hours,

13



15.

19.

20.

21.

~~e

23.

24.

25.

25.

27.

28.

?re?are AG1x4 anion exchan3e resi~ by filling resin bottle with

distilled water, shake by iaverticzjseveral tines and allow to set:is

20-30 ninutes. Carefully pour off the Eir.esand re?eat this prcceacr~

three times. Store resin in distilled water,

prepare exchange column by placing a glass wool plug at the bottom o:

a glass column (stem 100mm x 10mm 3.D. and reservoir 120mm x 45mm) filli-

ng the stem of the column to the neck with washed resin,

condition the resin vit~ ZOO ml of 7.~N HNO
3’

add sample to the column with ~ininal distur!yance to the resirt bed. If

any crystals remain in the sample it should ~e filtered through a

‘.atman i)40paper ~eiore introduction to the col~mn,

wash down the sides of the sample beaker with 5-10 ml of 7.2Y HN03,

when sample has drai~.ed add the 5ea!cerwash to the column,

repeat ‘ste?s 22 and 22,

when the washes have drained, wash the column with 250 ml of 7.2x HNO
3“ ~

On samples that require subsequent 90
Strontium analysis the column ef-

fluents from ste?s 21 through 25 should be combined and evaporated to

dryness. Proceed with standard chloride conversion and dissolve in 60

ml of 0.08N HCI and continue with step 1 of the HDEHP procedure,

add 2 ml of 5% !laHS04to a 20 ml beaker and place the beaker under the

column,

elut.ethe plutonium by adding 30 ml of 0.36N HC1-O.C08N HF to the col-

umn.

evaporate eluent to dryness at 120°15 or under infrared lamps,

14



~~~ccrodeposition Procedure

i. Add 4 ml of 15X Na2S04 electrolyte solution to the sample and aliow to
— *

stand at least 30 mic.utes, -&.*-

2. assemble and leak test the plating cell,

3. add the sample to the electrodeposition cell,

4. rinse the beaker with distilled water and add wash to cell filling cell

to within 1/4 inch of the top,

5. attach the cathode lead to the bottom of the cell. Anode to cathode

distance should be 5 mm,

6. electrodeposit plutonium at 500 milliamps for 3 1/2 hours, .

7.
=$

at end of the plating period, fill the cell with LIJKOH and concinue

plating for 30 secands,

8. remove the cathode lead and cell from t5e rack and discard the solution

carefully washing the cell with distilled water. This step should 5e

carried out as quickly aa ?ossible to prevent dissolution of the pluto-

nium from the plated disc,
..:’. *
. ‘-

9. handling the disc by the unplated edge only, wash with distilled water : k

and dry under infrared lamps for 20-30 minutes,

!0. determine the plutonium activity by alpha pulse-height spectrometry.

Counting Equipment

The alpha counting is performed using silicon surface

coupled to a computer based pulse height analysis system.

barrier detectors

The detector has a

242
relative counting efficiency of approximately 20Z using a ?U standard. The

HDL for
239

Pu has a range of 7-35 femtocuries. Samples are counted for 200,000

seconds and all peaks are manually integrated.

15



239It is ~otzd that ~rine activiey concentrations f~r ..?U ~orrzsponal~~ co

5 Rem in 30 years to ‘30nesurfaces and liver tissue are 0.3 ana 1.3 fsntoczries

?er ~ite= rzspectivel;~. TSUS for radiation protection purposes in the ~~arshall

Islands, large volume samples are required in order for this method to have ~rac-

Eical application. This procedure has an overall chemical recovery of 50-30%.

16
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Yeutran activation analysis is used for trace level neasureaents of i~dize

in biological and environmental naterials. 3oth mono-isoto?ic natural igaine

(1271) ana :he Locg-iived (i.b x 107 :~ears) fissi~n-?raduc~d 1291 ~~cur in ~am-

ple natsrials and can be analyzed by neutron activation analysis (1,2,3). Since

the envirorxnencal sources of 127
I and 1291 arstiffsrenc, iniYn~y:zsulci R

different ckenical forms and ~COiOg~C~L pachwdys, measurement of the 1291/:271

129
iSOtO?iC rzcio is essential in scudizs of ~tieradioecology of I (2,4).

‘Iazicus?rocesses 129
ccncribute to the ralease of I to the environment

(5,6,7,3). 129
Xacurally occ’urrizg I resul~s fron spontaneous fission of ‘uranium

and Srom :~smic-ray produced spallation reactions with atmospheric xenon. ;[2n-

l~g
aaae releases of I have resulted f=om nuclear weapon tests ana ~rom nuclear

installation operations.

.i)!AL-<SIS:IZTHOD

Determination of the 129
I concentration and the

1291,127
I ratio in most ● n-

“Jizonmentaland biological ~terials requiras initial separation of the

concained iodine. Snce separated? the iodi~e is irradiat~d with xeu:r~ns in a

nuclear reactar~ purified further to r~duce levels of incerfsri.agradionucliies,

and then determined by gamma-ray s?eccrcmetric measurements.

Waccelle ?acific !TorthvestLaboracorias, 3ichLand Xashing:on
~Brookhaven Yational l.aboratary,Vpcon, Yew York



a filter, activated charcoal, ion-exchange resin, Znimai ?arts, ve~etation or

soil. Freeze d:ying can ‘>euses as appropriate Eo remove moisture from the sarz-

ple ?rior to analysis. 125The sample is s?i’kedwith a known amcunt of I for es-

sination of the overall procedure ;/ieLd. The iodine is se9araczd by ?laci~g the

sample in a quartz combustion aBoaratus and igniting the sanple at high cem?era-..

ture (up to 1000°C) in a stream of oxygen. The off-gases are passea through a

small bed of activated charcoal that retains che iodine.

The iodine is further purifizd by burning tbe original charcoal trap in ox-

:Jgen and cra?ping tie released iodine on several milligrams of activated char-

COai. The iodine is then removed from the charcoal iv heating the charcoal in.

a vacuum systen, trapping the ioaine in a quartz tube at liquid nitrogen tempera-

ture, and sealin3 the tube to make a quartz irradiation ampoule. The ‘251in

the ampoule is determi~ed by 3auana-rays?ectromecry to estimatz the ?re-

ir~adiation processing yield. Typical yields range from 90% to 100Z.

Quartz ampoules containing the iodine se?arated from the samples are

irr=~iaced with reactor neutrons for 8 to 24 hours. Comparator standards

125* i27 ~~g
concziaizg known ratios of 9 I and I are irradiated with each set of

samples. The neutron capture reactions used for che iodine activation analysis

are:

127
I(n,y)

1281 3-,Y

25 min
128Xe (1)

(2)
1271(n,2n)

9-y
126~m 126M

2



.

(j)

(i)

(5)

Interference from reac:ion (~) is mini~ized by use af small activity

~sveis of 125
I so that 126I ~roduction bY r2accion (2) predominates. Ie=ccion

mi:s zhe(5) :’ izprovenent in sensicivic:~ that can be obtained by i2creasi9g the

exposure time and neutron flux. Xeucran ex?osure ccmdicions are seI.ezcedon the

the correction required due co reaction (5) co less than 10%.

FoLLowing irradiation the quartz ampoules are cleaned, frozen with liquid

nitrcgen and crushed inta a reac:ion vesse: ccntzining a dilute H SO
26

solution

:f ~JUi2e and jromifl~carriers and ~a s ~ (sodi’umpvrcsulfite).
~~j

Exczss so, is

removed by s?ar~ing wi:h nitrogen. The bromide and iodide ions are :hec

oxidizzd to brcmine and iodatz by the ac!ditian of !#!nO
4

and the bromiae

distilled from the solction. The iodate remaining in the reaction vessel is

:zduczd to iodide with Va7S.0
5
and then oxidized Za iodize wi:h H O . Tk.sio-

&- 22

dine is discil:ed from the reaction vessel ~3c0 a Xa7S70j solution. ~ce iaaine
-.

iractimt is further purifisd by oxidation wizh H I), extraction into CC1 , and
22 4

~ack extraction with )JaS o- solution.
222

The extractions are repeated as neces-

3



aountea on thin plastic scintillacors for :ountinS.
,-

TSe ‘461,
128

I and 130I activities ?r~ducea in the sam?is and ccmparatar

stsnaaris aurixg irradiation are aet?nixea 5y ~amma-~ay spectrcmetry i:om sev-

eral speccra collected over a period of time. Low-1evel, beta-gated, muitipie

gamma-coincidence speccrometric techniques (10) are used when required to ~ea-

i25
sure very small amounts of activity. The I activity is aiso ~easurea in the

sampie and comparator standard by gamma-ray speccromec~y.

The components in the time-dependent gamma-ray sFectra of samples and the

comparator standard are calculated by a weighted least-squares mechoa (ii). The

127
amounts of I and ’292 in che ccmparacor stsnaard are cieternir.ea from the

:n 5 ~, 127&6-
‘knc ‘An 1,

129 1251I ratios by measurement of ~~,e . The ‘301, ‘291,

i28. 127
I and

~,127v
-i

126.
I. ratios are then calculated Zor the comparator scanaard.

i27
The 126I content of the sample ia determined frcm either the i Of 1:8 I activ-

130
ity ?roduced in the sample, the induced I activity is uses t~ aete=ine the

129
I concentration, and the

125
I activity is used to calculate the overail proce-

dure yield. Corrections are made for interferences, procedure yieid, laboratory

bianks and sampling blanks where app~icable. The results obtained are the
1271

.?9and “A 129
I concentrations per unit amount of sample and the Ii

i27
I ratio. Io-

dine isotopic atum ratios for
1291/127

I as low as 10’12 have been measured (2).

The overall procedure yield for iodine recovery

COMPARATOR STANDARDS

We have used several different comparator

anaiysis. Elemental iodine (12) standards were

.+*

is about 50%.

standards for iodine activation

?reparea by isotopic dilution

with knon amouncs of natural iodine ( ‘&’I) of mass spectrometricaily analyzed

4 (.



data Ecr one of these isotonically diluted iodine aixtures; this aix:ure is

still used in our laboratory for long-cem measurement control. This isotopic

211Xt’LrehaS also been used as a routine comparator s~andard. ~ l-to-10 mg ali-

quot of the elemental iodine isotopic mixture is irradiated with samples or

other standards to 5e analyzed. Afczr irradiation ttieiodine is furt’ner

>uriiied by solvent extraction and ?recipicated as AgI. The iodine content is

dete~ined from the weight of :he AgI. The 1281,1271
9 1251/1271 and 1301/1291

acti’licy-co-mass ratios can then be detemined from the .AgIweight, the known

;291/127
I ratio and the gamma-ray spectrometric data. yeasuremenc of :he amoun:

llOmof Ag,Iradiometrically with Ag tracer has also been satisfactory. In this

L10mcase, excess Ag+ containing a known Ag/u ratio is used to precipicace zhe

liOm
iodine and the total iodine is determined from the Ag content of the AgI as

aeasured by gamma-ray spectrometry. 3oth methods depend upon stoichiomecric AgI

precipitation. The
llOm

Ag radiometric method, however, is not affected by mois-

ture, as are the .lgI weight ~easurements.

Another standard material we have used for
127

I activation analysis cali-

brations of our comparator standard is hexaiodobenzene (C616). The results of

this method agreed with the .~I calibration methods. !lexaiodobenzeneis avail-

abie as high purity (99.9%), ueighed ~ellets of about 1.55 g each. Law ne’utrcn

exposures are required due to the large ~ounts of iodine in the pellets.

A mixed
1251 127

I,
129

I comparator s:andard .nas also been prepared to sirz-9

127
plify analysis and to reduce the amount of I in the standard. This reduces

the 8i:
I activity to measurable levels within a few hours of reactor dischazge

5



and a~so reduces the influence on the standard OS multipie neutran capcures on

127 1301I co produce . This standard vas prepared in solution ~ora so :ha: i to

10 L1.vouid proauce sufficient activity for iodine activation analyses. It was

127 125
made from unknown amounts of NH I(log), I (10 mCi) and from O.1’~ ai the

4
129solution contained in an ampoule of (NBS) I, Standard Reference Material

(SDl) number 4949 in 100 ml of aqueous solution. The
125

I solution had been

126aged 5 months to eliminate any I activity. The solution composition per M

at naice-up is shown in Table 1.

TA3LE I

Ccm?osition of Comparator Standard

Eor Iodine Activation Analysis

1251
320 alps/pi

1271
87.5 pg/@

1291/1271

6.0 x 1011 atoms/@

1.45 x 10-6 atom ratio

The
1251 1271 129

Z standard solution requires ttieaddition of
125

9 ? I (Tk
.

= 60 days) about once a year. The added
125

I is contained ia less than 100 PL

to minimize dilution of the standard. Annually after the
125

I addition the com-

position of the standard solution is c~pared by activation analysis to that of

the older mixed elemental iodine standard, to the C616 standard, and to sealed

measured aliquots of NBS-SKV-4949. Sufficient sealed quartz irradiation

ampoules of the standard solution are then prepared for use over a year’s time.

The mean 1291/127 I atom ratio of the original elemental iodine isotopic

-8
standard (nominal 2.1 x 10 atom ratio) based on the standard solution isotopic

6



Cmlxsizion is HA ~ :3-3 fr ~12 79 Zctivatiarlana~;7si~~easure~.ents~ver a 10

year ?ezioa. ?he obser’:edstandard devisti~n is =0.46 x 10-3 and the standari

-8deviation of :ie mean is 2!3.05:{10 .

:29
Interlaboratory standards containing I and

1-y
“I ~a a basic KI solution

at three di?fzrznt isotapic ratios were reczived at the 3at:elle ?aciEic

Norchwesc Laboratory (?NL) frbm Dr. O.K. Yanuel of the L!niversiL;!of Nissouri

(12). These standards were analyzed at ?YL iy the activation analysis method

descri’zedin this ?ager and in Dr. >!an~e~!s~a~orac~rv by an activation analysis

mechou :hat uses mass spectrometric Xe isotope ratio

surern,ezcsat both laboratories were based on the SBS

Cocc i~r?e=eqc belu~ee~the laboracor.ieswas ~bserved

5
range 3i 10 , as shown in Table 11.

determinations (13). }[ea-
~~g

I standard (SRW4949).

129,over a . concentration

Interlaboracary Comparison of Activation Analysis Results

1271 129 ~
1291/1271

Sample Lab* (Elg) ( atoms) (atom r3tio)

LWR-lO-( 12?,531?J0. 1 LPIR 10.0 (gravimetric) 5.:9=O.29X1O-5

pm 11~3 3.oto.7xlo15 5.6:O.4X1O-5

L?R-lO-(129,53)!J0.2 L. 1.0 (gravimec~ic) 5.4X1O-7
PNL 1.0:0.3 2.7k0.1x1012 5.7t0.6x10-7

LM1-10-(129,53)No. 3 TJ?!R1.0 (gravimetric) 5.4X1O-9
~“%

PNL 0.8t0.3 2.2t0.7x1010 5.7fl.8x10-9
-+-,..

.1 “..

*pTJ: University of Yissouri, !lolla
.-
-.

Pm: Pacific Xorchwesc Laboratory
,.,
f

.



quality control of iodine ac:ivacicn!analysis requires the ase Qf standard

materials siailar to the sample aateriais analyzed. Such standard naterials are

~.eedsdto check the total procedure from iodine separation to Sinai raeasure-

mencs. The mcerials should be homogeneous, zasy to sc~re, and available in

quancicy aver a period of years.

Several biological and environmental standard samples werz ootaiaed iram

?W3Sand 1.=. These included orchard ieaves (NBS-51CY-1571),river sediment

(YFS-5R.!Y-4350),clam (LAEA-?!A-3-1),human blood serum (IAEA-+5), and wheat

flour (IAEA-V-5). AISO, grass collected frcm the Hanigrd Xeservacion was dried

and aixea far use as a standard. %eplicate iodine activation anal:~ses werz zade

on z?.ssematerials, Ear which preliminary results are susmnarizedin Tab:z 111.

The ‘~aiues are given as aeans of replicats neasuremencs t95~ confidence inczr-

vals <SD ● c_).

v%

The natural iodine (1271) measurements on these sampies were found to

agree ‘with the assigned values to within measurement uncertainties. Larger

uncertainties were observed for the concentration values than for che isotopic

ratio values, as expected $rom an zvaluacion of the error sources i? :he ?-~cs-

aure. Additional replicate analyses are expected CO reduce the uncertai~tizs”

(



T.IZLZ111

Iodine .ActivationAnaiysis Resul:s on Standard Yaceri.als

IsotoDic
Concentration !7atio

1271 1291 12.9
I

1291,1Z7
I

Haterial ~g/9 Atmns!% nCi/q Atom Ratio

~rchard Leaves, SRM-1571 188* 26 1.6t0.3x108 6.0:2.9x10-4 1.7t13.7xlo-7
YBS Value 170

River Sediment, SRFf-4350 5h0025000 8.6t10.0x108 3.223.7x10-5 3.2tt).9x10-8

clam, MA-3-1 550031300 3.2~.Sxi09 1.22O.2X1O-4 1.32O.1X1O-7

Human 3100d Serum, ii-6a 590f 90 2.52O.-X1O9 9.351.4x10-5 8.8t0.2x10-7
IAEA Value 8002 129

‘Jheac ?lour, V-5 <10 4.822.9X107 i.8tl.lx10-6
IAEA Value ‘2.8821.23

Grass, p~-j6j93 ~f)o~ To 4.1t0.8x1010 1.5t0.3x10-3 4.320.8x10-5

aDrv :~eight basis

(d~y/wet weiznt ratio = 0.0826).

Marshall Island soil samples have been analyzed at :he Battelle Pacific

YOr:kwest Laboratories and Table IV presents the data. Included in this table

are analyses O: saples fr~ Locacions other than the !farshallIslands.

Comparisons, however, have co be made with reference to the effect of storage of

samples prior to analyses. Data from samples analyzed at Sanford indicate that

losses of 129
I from samples is minimal.
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9773
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19297

19500

19505
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5539
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4.8*IO‘0 1.0X107 1.7xlo10 5.9XI07

l.lxlo~ 4. 7X109 3.2X107

1.3,101’6.9x1067.7x109 1.7A107

1.5’101’ l.sxloa

2.2X10’1 2.41108 6.2x105

2.5x10’” 1.2xlo9 1.7X106

3.oxlo’13 9.6x108

4.7XI0’O 1.411061.9A109

1.5s109 2.5x106

2.0x10105.411091.6s109 1.3x106

1.1’1O1O 4.7X108 2.2X106
1.6x109 s.8alo6

7.6x10103.3x1067.3x109 I.6x107

3.9xlo’0 1.0SI09 1.8d06
4.1X109 7.oalo7

9.3X108

4.2x109 a.7X108 3.0XI06

6.6XI09 3.7XI0’ 6.4x106

3.6s10s 4.Yxto’

9.axlo7 5.6x106

2.3X108 5.0s108 3.3X107

2.1xlo10

8.611011
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——
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:’~
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5.8x106

9.8x106

2.1d07

3.6x106

1.4X106
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4.9X106

1.0X107

On ‘t
71\2f7Li Collect Ion

1291 137Cs ‘%/’’7cs Locatt2n

2.7
2.8

17.
1000.
920.
21.
32.
25.

13.
23.

10.
39.
59.

4.8
18.

.73
18.

.46

150m.
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1.6
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:3ortiar :0 idetsci-~ radiological arooieus Zrcm :esicuai radioacciviqr is che cnvirmuaenc, aod :0
Pro@-da a data basa ior iosa ?radl::ions ●ogLicao La co :he :ecumfzg ?opulace, 331)A (and L:s predecessor,
:hc .=C), has sponsored xv raaiolo3icai surveys h :he Yfrshali Islanas. i!lasesur-favs:egan iurx=3
:esc aoeracioas and have bean cmauccad zariodi, cally uo to :ha ?resenc c~e. lesul:s of :he surreys have
5een :ublishea in mmarow re~ns and Jciancifi: :auraals. ?eferectces L thrmqa L2 are ?uolished f90ur-3

of .GG’33.OA sunpor:ed surreys sf :hase aca iis. ?afa=aucas 13 cSrou@ Q9 ire ● zoe.:oa a f :ha ?uol~snad
:a~or:s cn ‘mric ‘fit!! cal~ec:$d ●avl:onmancal s~las supporrad iv .4.3C/ Z2.SA.

The d~cist.ou :n :ecyp ‘&e 7~euemkese :3 cheis acoLL Led co a comprenens:ve sumay coaauccsd ●c
Zaevaeak b L972-i973.‘‘0) A :eqxonsl sur~ey ?Lanned ix L976 will praviae 5asaiiae :ad:alog:caldata
for +~cure doaa asaasenancs tiroughnuc sesr~y alL o f the northan !farshaLl 1s Lands .Aich x iavo iaea
●ffected by cha testing prsqram. SavirsaaencaL ●valxaciaas ●c .Uagelap and Jt:rik ACOLLShave beaa uadar-
caken aeriodicai Ly k associationV-Mb Z3.UA’s aadica~ cvaLuacions ?roqram :hera over :ia qeec 20
yaars. ~~odz)

Nom ●il af thase earl:m sumeye. it 5ecme avpareac :hac periodic ●nvirmmencal cmnf:oz%ng and iose
●asesamenca naac ie cude tar 3Lkti, Scawa:ax, Iongalap and ~arhapa ochar ●tolls := :he ~ofi~e~ .*r~aai Ls
:0 ruiacain a CUCWIC :adlologicaldata :asa aad :0 provide cur=em infomacion on imiividuak aad ~oau.
Lacion doses. >~, faLlawuD ~stlcoririg is ia~g ?er?amea b? 3rookhavasa Yaciaaal Laooracoq ac :ie
requasc of -A* CJivLsio U of Operac>oaai Sazecy, 2.5. Saergy Itasearch and 2ave Lonmenc .4bims::aciou.
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~~~ United Stazes I’3ci.fic){~c~earTestin S Pra:r2.n resultrd in

IOC2: and regional failclutcontanifiation of islands ip.t!:e

Cen=ral pacific basin, in an area ~xhich is generically kno~.;n

as ;.!icronesia. !’!ost Ci this cont~mination a~~ectecl the ?{ort}I-

ern ‘‘~1 Islands Of eastern ).~ic~~~esia~.;ars.q<. . 7 ~ihich either SCT1-eCI

as rhe ac:’aal tesr si:es QY ‘.:hicfil:ere in ~elatively close

prc:(inity to them. Since 311 of the :~13rs.hall Islands are 10’..:

coral is12nds or atol:s, ~~e .latura~ radioa~ti;fit~ content of

their soil is among the Ioi,jeston earth; and their natural

::diation enl:iron~ent is dominated by the contribution of cos-

mic rays. In contrast, the high islands of the Carolir.e groups-,

to the ~<estof the ~.iarsi~all~, are c}:aracterized by voic2nic

soils having a signific~nt complenellt of radionuclides in “Lr-.e

uranium and thorium ck~ins. Se\reral field trips by S6EP

Di’:ision personnel to ?4icronesia bet’,(een1975 and 1980 have

af~orded o-o~ortunities to study the natural radiation enriron-..

ments of the coral atolls of the Narshalls and se~’eralhigh

islands in the Carolines; and to evaluate the contributions of

fallout fission and activation products to the inventories

of soil radioactivity in these locations. The analytical methods

employed included in situ gam~,aspectronetry and exposure rate

mess-tirementswith pressurized ion chamber survey instruments.

These measurements were supplemented by laboratory analyses of

~oil samples. The results of these studies have indicated thnt

significant contributi~ns from ~adioacti~e fallout can be evalua-

ted in situ with relati~-eecse on coral islands. In contrast,

the higher naturol radio~~ti’(ity content of high island soils,



-!

:lany small-scale radiological sur’:ey~‘W<?recondluc?ed during

the 1950’s and 1960’s at or near the Pacific testing areas in

the northern !-krshall isl~nds; ho’;:e’fel”,definitive evaluations

of the impacts of residual fallout radioactivity were not made

until the 1!701s (1-5]. These e~-aluations‘,{ereconducted on

those islands k~Lol;nor “-d by tz-opo-suspected :0 b: C3~Jt~~l~.3Le

spheric fallout :ro~.:~~ tes~~ a; Bil;ini zildEne?{e:ak .:toll~.

Environmental studies of peripheral areas in the centr~l Pacific

.,.:ereconducted cn a small scale during :\.etesting years (1945-

1958] by the University of Washington, ar-.dthereafter in 1975,

1979, and 19S0 by Braokhaven :{atiohalLaboratory as well. Th,cse

studies )“ielded significant data on background radiation Ie\rels

in these areas, and form the basis for this rePor~”



three field

field trips

Tiashington,

back~round concentrations of fallout radionuclidcs in soil and

in terrestrial and m,arine‘biota (~). Brookhaven National



.

The primary purpose of the in sit!~ ga~.~,aspectr3~ !7,eaSUrementS

was to pro~’ide a data base for energ;- clependence corrections

for the stainless steel-walled ion char-~:erdetector. As a

result the neasurexents t:eremade at 10K resolution (iOO Se~V

per channel) fron O to 2.5 ~le~;. A progr3rmable calculator

was used to fol’dthe gar.maspectra into the ion chamber

response characteristic to ~orrec; for zp.~r~?- depen~ence In

the en!{ironnental radiation monitor. Ccrrecticn factors !:e?.e

typically about +52.

( .,
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Coral .Atoll
(11/75]

Coral --ltoll
(9/76j

Coral ,ltoIl
(9/76)

Coral .+tcll
(9/76)

Coral .\toll
(9/76)

Coral .Atoll
(9/76, 10/77)

Coral Atoll
(9/76)

Coral Atoll
(’3/76,10/77)

Coral .Atoll
(9/75)

High ~-olcanic
(11/75)

High L’olcanic
(11/75)

+—

4.

+

T

+

+

+

0.3

o?.-

0.3

0.5

0,4

0.5

0.5

7.1 ? 1.1

.40
(range --10-100)

6.5 + 0.5

6.S ? 0.6

>

390

1000

90

30

51003 (5) and



!b3-L

137CS

pFEl

pprl

4.71 pC~/CiT12

< 0.22 pCi/g

Truk, Central
Caroline Islands u 2.1s

Truk, Central
Car~line Islands Th 5.62

ppm

ppm

(a] Data deri’:ed from soil sam~le analyses by University of !~ashingt~n.
LZE, XI:O-269-35 (7), and 3rookJ~~ven Xfational Laboratory (unpublished
data) .



1 37C5
.Av g .

. .
Depf3s. Itlon 3.9 x 10-2

C-103 X. Lat. [~)
2.1 pci/c72

Cosmic (a)

1.9 x 10-2

3,0 x 1!3-2

3.2

Total Calculated Z.5 uR/hr.
Total !.leasured 5.7 t 0.5 pR/hr.

(a) UXSCE.-\R (ii)

(b) E!!L-37S ( S), H.4SL-195 ( 3)
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Introduction

L~rge numbers of scientists and students f(om all pafls of the Urllt~,J

states and many other countlics are appointed as vis~tuls to Btuo;,

haven Nation~l Laboratory e~ch year. Tl]cse visitors come froln lIIL II

own institutions for periods of a Iew weeks, for the sumrncr, for I
year or two, or on an internlitttnt schedule, Every attempt is m,jdc 1,,
see that the transition fronl campus and ruscarch institute to BIbtip
haven is easy, convenient and productive. Thus, this booklet de~crib(
some features of Btookhaven ~nd [tie c[lvlrons tl~at have bcun frJ~Ind I,,
be Of pa I~Iculc.Lt iniere~t to ttlo>c Ll[)dC~Lldllltcd wlttl t!lti f_dbGf~tiJr,

Scientific policies, pcrsonnul pIL)LCCl IIICS dnd in$ur~r]ccs ~Ic d~:,,
with in otl]cr public ~tions. Quc>tlor)s not arlsw~red by, and t.olr~lll~lll
about, (Ills Guldcl rlldy be ddct ItJbbcd to tt)eOffice ot SLICI1l III,

Personnel.

Before Arrival

Brookhavcn National L~boratory IS in tile approximate geo- location
graphic center of Long Island, about 100 kilometers (65
miles) east of New York City. (See map at back, ) The Laboratory IS ic
an isolated area and does not offer the normal services of city, town 01

vi flage. The nearest villages are more than 8 kilometers (5 miles) away.

Brookhaven’s climate is typical of mid-latitude locations on Chmatc
eastern continental sf]ores. TIIe nearby ocean modifies the

general climate, reducing to a rnarhed degt~e the temperature ex
tremes founcf inland and assurin~ a rel.]tlvely even cflstribution of ptu

cipitation througflout ttre year. Lfnlike western Europe, however, tltL

prevailing westerly winds occasionally bring periods of harsh ccmll-
nental weather with departures from normal lC?mperiitutTS and pro
longed periods of strong winds.

Fafl is usually considered Long Island’s finest season and October the
most pleasant month. There are many Cl(:dr, mild ddys with temperd
tures ranging from i’ ‘ to 21C (45 to 70 F) and wittl IOW hurnl~tty

The bodies of water surrounding Long Island usually rem~)n SUIidhlt

for recreation until early in November.

1



‘1
1 Winter and spring are often an almost continllous season at Brook-

tldvwr. Frequent CUdStdl S(ollns provide citJ(JUt 1(XJ 111111(4 iilche>) Uf

i precipitation per month, Wt]icl) may be either snow Or rain depending
,-

j.. -!, on the course and nature of the individual storms. In 1952 -]953, for

-:!

;$~<;
example, only 300 mm (12 inches) of snow fell during the entire sea-

.:. ?<:,: son whereas the 1966-1967 winter produced 1900 mm (75 inches).
. . ... .

!, Four to five-day periods of extremely cold, windy weather are often ex-
perienced, and below zero temperatures (-- 17 C) occur almost every

. winter. Because of the low ocean temperature, the month of April is
frequently more like winter than spring.

.

Brookhaven’s summers are normally fairly COOI because of vigorous
sea breezes, although maximum temperatures above 32’ C (90’ F) do
occur with persistent winds from the interior of the cr.mtinent, The
relative humidity tends to be quite high and oppressive days are often
encountered from late June through August,

Hurricanes occasionally pass close to Long Island, generally in AuguSt
or September. They are now carefully followed by radar and aircraft,
so that adequate warning is assured.

.0

Travel in some cases, partial or all travel expenses will be reimbursed,. -.. --- by the Laboratory and will be so noted on the Appointment
Allowances form. Requests for financial assistance in the purchase of

.. .. . . - travel tickets should be directed to the Office of Scientific Personnel.,.!....<...”-.:.~. ,.: When the cost of tickets is reimbursed by the Laboratory, government
.. ...
.’?. .....

.1
regulations require that an American carrier be used.

‘1. .
Household Information as to the shipment of personal belongings and

.. ;2!

“.” !

Goods household goods will be sent at the time of appointment. If
:“

household goods are involved the Laboratory will arrange for., .~.,. ..L
. . a moving company to contact the visitor at his home.

. . 4
:..’

.,.. ~

:i
Personal Personal belongings are assumed to fit in an automobile, if

!

.“. . Belongings the visitor drives to the Laboratory. If it is necessary to ship
. . them, any allowance toward this cost will be stated in the

.-.

,/

. -’ Appointment Allowances form. Visitors from abroad should not ship
,..

*- their personal effects too far in advance of their arrival as they will not

. . ““A
be sent to the Laboratory, but will be held by Customs in New York

‘ \

and will be subject to storage charges.
, -

12

1,.
1

Vlsltors :,u[~l,orl,d II, ~,11,( I Irl:,ll[ll(,oll:, rnil.t L, :(11( llIi II Co$l 01

Ildll,. ldl :}llt. ,Jdl[ II I(:Y, ‘IIL (! i I“II IL, .. 111 b!. JLI( ,III(J!L Lllld(( 11’J llvllll

Il]g cOlldl(IUl13 Irl Llil> dr~d. llIe IL IJllvc lLr-rlJllull ul ilIe l.dbuf

dlofy r~dLlcub (tic fdrl~(: of lILJU>IIlg.ItiL~IIJblU dlId rl’r.ilies ll(trl’.}ffl~rl~llol
expensive and troublesome. TIIe typical cost of various d~c(,lnmoda
tions is $100 pcr montl~ for ~ single loom, $250 to $-400 pcr III ,n~h fol
furnished apartments. For a f~mlly of four, food ~osts Vi(JhlU k dl

least $60 per week. A used car cost> butween $800 and $2,0[,, ~; CaSG
line about 13~ per Iltre (60c per gJll Gn). Compulsory Ildbllllj Insur
ante to operate a car is $160 or more per” year. Runtdl I.drsart
available from local ~gc?ncles on d d~lly, weekly and rlwr)tlilj b~sls

No stores, shops or public reStdUr~IltS may be found on ur I,udr tlli

site.Tl)e Laboratory n]aint~lns a cdfetcll~ on sit~. lrlforrr~,iil~l, l~rl rc>
taurants m~y be obl, iined tron~ IIIE Public Rel~tlons Of(Ice. I+ti regli
Iarly scheduled public transpolt~tlon is avallablc. For cxl~r, r_IJ staj.
an automobile is a necessity.

No pnvaie vehicle may be driveli unless IIIC operator PUS- Adonlobll~

sesses a valid state opelator’s or cl)auffeur’s license. Lung license:
tefm visltol”s ShOUld apply for a NevJ York Statr Ilccnse llp-
on arrival. A New York State operator’s license is not require, If Iegd
residence IS in anoth~t slat~, lnt~:ln~llonal Iic[:n>us, .lcconli)~i, [d by ,
national driver’s license, Jrc vdllr.f from one y~’,)r of date Gf is: . tli,v~

ever, many countries have a reciprocal dgreenlunt v~ItlI Ilckv Y,,(A Stdtl

and, in such cases, national Iicunses are Ilonored for onc ) jr, pro
vialed they are stamped by [Ile Anlerican Automobile A>socit>l,un.

A number of furnished apartments for married scientists and HorrsirL~
dormitory rooms for single persons are avail~ble on the Lab . On-SII(
oratory site. The period these accommodations are mbde
available will be detcrrnln(d at tl~e time of tl]e appoirltr-il~l i. R( nl
c})arges for periods of Ie>s tl)an orle rrionttl nldy be prGr~tcu

The apartments are supplied with furniture, towels and lJI I Ilnerl*
kitchen facilities and ut~nsils, Irons, toasters and ~(tler ~lu~{,l(.al a{J
pliances are not supplied. Tile elect ric.rty available is 100 VOII A:. NI
provision can be made for larger appliances tl]at req(jirc ell,ur 22(
volt supply or plumbing alterations, or both. Coin -opcldted vastllnl
and drying mactlinc’s are Iocaled in the Ap~rtn}cnt Area, 1 !Ivlslor

.



Connecllons are available in apalliments, but nol in d~:t.ichcd units or
dormitory rooms,

Pets Prior approval to harbor pets in apartments must be obtained
from the Housing Office. Pets arc Prohlblted in dormitories.

schools Children living on the Laboratory site may attend a public
elementary school (Grades Kindergarten through 6), or a

Junior-Senior High School (Grades 7 through 12) at no cost. Students

at both schools are transported to and from the Laboratory by schooi
bus. Generally, the school term begins a day or two after Labor Day

(first Monday in September) and ends late in June,

Nursery For preschoolers, a cooperative school (with parent partici-
School pation), known as the Upton Nursery School, has been or-

ganized on the Laboratory site for children ages 3 and 4.

Schd begins about the second week in September and ends the
second week in June. Classes are small and children attend one-half

day for usually 2 or 3 days per week, At present, the fee is $32 per
month for 3 days, $22 for 2 days. Enrollment is limited and it is ad-
visable to pre-register well before arrival,

Persoflal Personal mail should be sent in the visitor’s name c,lo the
Mail Department, Brookhaven National Laboratory, Upton, Long

Island, New York 11973. Letters will be delivered to the de-

partment address; there is no mail delivery to the Apartment Area.
Packages can be picked up at the Laboratory mail room. Packages
sent prior to arrival should be marked “Hold for Arrival”. Post Office
boxes may be rented at the on-site U.S. Post Office.

The First Visit

Transportation Most overseas visitors arrive via J.F. Kennedy Inter-
to the national Airport, or by ship docking at a New York City

laboratory pier. If the Office of Scientific Per~onnel has received

prior notice, a car and driver will be sent to bring the

visitor and family and hand luggage to the Laboratory. This service is
available during regular working hours (8:30 a.m. to 5 p.m., Monday

Long Island L!rnousine Scrvicu t> avail~blt-! froln rnblropolltan dlrlJb :>

to the Laboratory.

Some visitors to Bloohtlaticn WIII find It convenient to t~kc ~ II.. :(
from New York City. A Long lsl~nct Rdlllodd train plciurl[ly ICJ.I ~
Pennsylvania Station every weekday n]olnlrr~ ~t 8.30 a.m. dnd alilui ~
at pdlcllogue ~t 10:06 a.m. TIII> tl.31n IS n~~t t)y a L~l)~rd[uly L(I> d ,ct

passengers erl route to BNL arc Drought to (he sIIe. TIIe tr~lrl UI .U

stops dt Jamaica (the stdtlon clo>cst tu J.(. Kennedy Allpo[t)
a,m.The Long Island Railroad sctltidule cl]~nges scasondlly.

Visitors will not be reimbursed for tlw rental of automobiles
prior approval.

If a housing reservation tl~s beun m~de on tile Laboratory
site, the first tl]ing to do on alfiv~l is to pick up a k(y dt tl}e
Housing Off Ice, 2 Center Stre~t. For arrivals after 5 p m. or ori

at 8,’11

Wltllu 11

Howg

a WCLl-
end, keys are held at the Police and Security Office, 24 ~Jptur) R~~., 1.

On the initial visit, every vis.ltor Iloldlng an appoir]tn]cnt of
$

CheckIi) “
any hind rnLISt check irl at tl]e personndl olfl~e, 58 f3rG(jk- procttiule;.<
haven Avenue. This is ‘necessary to activate the appoint.
ment and to ensure that cettain rtiquircd procedures die follor. ed, An
identlficatiorl card and automobile sticker are also pruvldt!d, Rtg~jl.ir
working hours are from 8:30 a,m, to 5 pm,, Monday tl”t[ougll ~rlddj,

8

While at Personnel, those visitors on Iongterm salaried ap- hlsurant(”s
pointrnents will bu briefed as to tile L~buratory’s medical,
life and retirement programs. For tliose
grams, or who are not otherwlsc p(otecicd
insurance coverage should be arlanged.

not eliglble for tl]ese PI.J-;

4



Travel
Expenses

The depa~ment secretary will assist in the preparation of a
voucher fL)( r~lmbLjr~cfIl~[][ of dllowdb!~ [Id VCl IJApL?nses.

All receipts ~nd ti~ket stubs should be attached to the
voucher.

Salary Salary checks are distributed monthly on the last day of the

Checks month and reflect the pay period which ends on the 25th of
each month. Arrangements can be made through the Payroll

Office to have salary checks sent directly to a bank for deposit to an
account.

10anS Personal loans, repayable by Payroll deduction, may be ar-
ranged through the on-site branch of a local, privately-run,

full service bank.

While You Are Here

Services Please refer to the site map at back for the location of sci-
and entific departments and administrative offices. In addition,
Facilities Laboratory services include a cafeteria (schedule below),

the Brookhaven Center, a Post office, and a service station
for automobiles.

Cafeteria Monday - Friday
Schedule 7:30 a.m. -10:30 a.m. Breakfast

10:30 a.m. -11:15 a.m. Coffee, Snacks
ll:15a,m.- l:30p.m.Lunch

1:30 p~m. - 5:00 p.m. Coffee, Snacks
5:00 p.m. - 6:30 p.m. Dinner

Saturday, Sunday & Holidays
9:00 a.m. - 2:00 p.m. Brunch

Brookhaven The Brookhaven Center is open from 5:00p.m. until 11:30

Center p.m. every evening Sunday through Friday. Light dinner,

bar service and other amenities are available.

Recreation The recreational facilities at the Laboratory are as varied
as the activities it supports. They include the swimming

pool and gymnasium, the Recreation Building, tennis courts and soft-

6

ball fields. Specific announcements concerning activities and specI tl
cv(iIL~~I(; Cd II II...] III III(J w[( i,~j I)JI)L’I IIIC L31LNJAtIcIJt.11 ~1111 I:tll I LIIIU I

various Ollice bLlllC[lll bo~tLf>. II) dctdil ILJn, good LVJIIIIIIIi IIg, IjUdLI,,L

and fisl]ing are wlttlin 16 kilometers (10 miles) of [I]c Ldborat~ry.

According to tile rr~ture and length of an appointment, it may Off Site

be necessary for the visitor to find housing in the surround- fiou~,,lg
ing Communities. off-site Ilstlngs may be Consulted In the
Housing Office and notices aIe carried tn ti]u BrooAhavcn Bullctl~~ A

list of suggested real estate agents is avalldbie from the C)lficc d S. i.
entlfic Personnel.

The lnCfLlStr12Jl Medicine Cllnlc of (he M~cllcdl Departmerlt is fderli,.di

responsible for required medical exan}lnatlons of pur>onnel C,ife
and for first ~id. For t[)e (Isu~l pt~fsol),]l ijr]d f~mlly nkxllcal

problems, employees are expected to usc pl]ysicians and facllllltis In

their communities. Physicians at the Clill~c ITlay be consulted for II)
formation on physicians prdctlcing in tile various resldenti~l drc,>.

Expert assist~nce and a variety of services are provided by Radiat:on
the Safety and Environmental Protection Division on all Safety
matters of radiation safety, Rules on radiation safety, in-
cluding the use of personnel monltotir)g eq{lipment and ttle w[:ari’~g
and I]andllng of protective clotl]ing and t’q~jlprncnl should be follow d
In addition to normal fire and safety requirements, the Laboratory lids
established standards appropriate to its operations. Tt~cse are m~de
known to newcomers shortly after arrival through a safety orientali, )n

interview. Investigators planning to bring equipment or apparatus W,III
them should determine in advance whether any of the fire or saf, ly
standards apply. This may be done tt~rough direct contact with Pl~llt
protection and Safety Audit, 20 N. Technology Street.

For those without their own transportation, a car leaves the Shopping
children’s shelter in the Apartment Area every Tuesday and Tllps
Friday at 9 a.m. upon request. It arrives In Patchogue at 9:30
a.m. and leaves at noon, returning to the Apartment Area by 12 .3(J

p.m. Please call the rrllmbcr listed in the Ditcctory at back under Sl,Up-
pingTripsthe day beforeyou wish to use ttlis service, In additl~n,
there is a limited bus service available to certain local areas from IIie

BNL Main Gate. BUS SC IICdUle> rrlJy be obtained ~t tile Travel Ofti. c,
2 Center Street,

7



fiOspitalltY The Hospitality Committee, composed of the wives of staff
Committee members, offers help in the Ori E!fItatl(Jn of newcomers. A

staff rr]cli-i~ur In tile p~(~u~ln~l Qll ILe dcls ZJ~ Ildlson for

this group.

On Departure

Termination On termination of a Laboratory appointrneflt, a check-out
Procedure sheet is prepared by the department secretary and involves

stops at the Library, personnel office and the Cashier for

the return of books, identification cards, payment of bills, receipt of
final checks, etc. Allen visitors retllrning to their home countries
should have the proper documents for their departure from the United
States. (See section Of Special Interest to Aliens.)

Transportation As was the case for arrival, the Laboratory will, on ad-
vance notice, arrange for the transportation of the visi-

tor and family and hand luggage to the airport or pier during regular
working hours,

Shipping The Laboratory cannot be expected to ship goods, books or
(rf hods belongings accumulated during the stay. Visitors should make

arrangements for shipping large pieces of luggage and trunks

by private carrier. The crating and shipping of goods are considered
private matters and should not involve Laboratory equipment, materi-

al or labor.

Of SpecialInterestTo Aliens

Visas The visa stamped in a passport at a U.S. Embassy or Consu-
late grants permission to enter the United States during the

period of its validity. The number of times the visa may be used is in-
dicated before the words “application(s) for admission into the United
States”. Usually a non-immigrant visa is valid for either one or unlim-
ited (multiple) applications.

8

The period of authorized stay in the United States is en- form I l-f
ttir~d Ljl) Fern) I 91 (.~I::O LI ,,.r” I .Ij Jr/Iv.Jl LJ./,LIl[UlC t{t_~UtJ)

WI II L,l I I> bldpit d III 1111- pa>~~iull[[ISllllpOll~l)[ttlatttleplrJp~(Iiialllg

address (Broohllavwr N~llonal Labotdtory, Upton, L. I., Ne.v Yu(k

11973)be entered l~gibly on this form. Any extensions of stay ar[; I :-
Corrhd on the tevtirse side 01 ttlt> forlll by an Imlnlg(dtlo(l lrISpf.7C[ot

The Laboratory sponsors an Excl~ange Visitor Program for ExChanr~
‘temporary appointments, not to exceed three years. lntor- V}siiuls

mation concerning limitations and other conditions of this (J 1)

visa may be obtained at any U.S. COnSLllat~. In order to ob-

tain a J-1 visa the Office of scientific personnel will n]~il Forln DL}~.
66 with tile Iettet of appollllnldrlt; to ap[)lyt tllc form fllust t)L pfu>url[~(]

to d U.S. Enlba>sy or Corrsuldte In tllu Iiunw count {y. 11 ti~li ~yl)c UI
visa IS obtained, the stay in the United States nli~st be extendect ~nrpi
ally. Tllil[y ddys to two w~chs bufore llIe expiration of an au[lio[!z, 1
stay, tl]c Otfice of Scientific Pct>onn(*l 511cIuld be (.on~dctcd fol d nt ~,
DSP-66 form wltich must be completed and sent, togctt~ut will, FLIIIII

[-94, to tl]e Immigration Office in New York City.

Each time the visitor leaves ttle Un,ited States on a business or va~ ,

tion trip, copy 3 of form DSP66 should be taken. Also, pas~pol[,,
should be checked to ensure that the visa is still valid and tl]at It mti;
be used for more than one entry,

permission to continue practical training must be renewed Studtn!;
every six months. Before ttw first six months expire, ttie Vlsi- (F 1)

tor should (1) ~ct a icttt?r in dupllcdle Ilonl tile Office of Sci-
entific Personnel stating tile terms of tile appointment; (2) comple?
Form I-538 and send it, together with II]Cabove letter,to the Forcigll

Student Advisor at the visitor’s school for signature; (3) take or rn~il t ,
the Immigration Office in New York City the following: Form 194,
signed Form 1-538 (application to accept employment, and letter frol,l
the Laboratory.

A type B-1 visa (temporary visitor for business) is av~ilablc Visltolj
for those coming from abroad WIIO will not b,; rt-ceiving a sdl (Bij
ary IIom a U.S. instit[jtion. Pcrnllssion [(J slay~,~r) be glalttcd

for periods of lJp to two years.

For the purpose of opening d U.S. banh dCC.CILll)t, SLICII vl~ltors stlo,jl,’

obtain a special social secltrlty rrunlbcr by con[,]cting ltlu local SUCI,I
Security Administralioll Off Ice in pdtct]:.~due,

[,
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Sailing When an individual holding any type of visa (including immi-

Permits grant) leaves tt]e United Stdtes, 0( depa(ls for reasons of va-

cation or business, a sailing permit should be obtained sev-
eral days, but not more than three weeks, in advance of departure.

(See also section on Exchange Visitors.) However, a sailing permit is
not required for an individual with a B-1 visa who has been in the
United States for less than 90 days. If the appointment at the Labora-
tory has been salaried, a statement of earnings should be requested
from the Fiscal Division, 37 Brookhaven Avenue, and taken with pass-
port, copy of last U.S. income tax return (if any) and return ticket (if
any) to a local office of the U.S. Internal Revenue Service, whose lo-

cation can be recommended by the Internal Audit Group, 37 Brook-
haven Avenue, In the case of unsalaried appointments, a letter stating
the conditions of appointment should be requested from the Office of
Scientific Personnel.

Alien When corresponding with the Immigration and NaturaI-
Registration ization Service, the Alien Registration Number (if any)
Number should be stated to expedite the handling of the request.

This number, sometimes designated as a File Number, is
not issued upon arrival in the United States unless a “file” exists at
that time. It is usually an eight-digit number prefixed by the letter “A”.
A permanent file is made upon application for extension of stay or any
change of visa status. File numbers issued in previous years should
also be stated,

Alien During January of each year, all aliens in the United
Address States must report their addresses to the Commissioner
Registration of immigration and Naturalization Service. Alien address

report cards are available at the U.S. Post Office, 2 Cen-
ter Street.

INS The address and telephone number of the Immigration and
NewYork Naturalization Service office having jurisdiction over Brook-
Office haven National Laboratory is as follows:

U.S. Department of Justice
Immigration and Naturalization Service
20 West Broadway
New York, N.Y. 10007
Telephone: Area Code 212,349-8735

Aliens are required to pay US. income tax, New York State in- 14 ds
cwne ldx and U.S. Social St~urlly tax on Income derived from
sources within tile United States. However, those individuals with 1--1

or J-1 vkas are exempt from U.S. Social Security taxes. Otherwise,
tax rates, exemptions and exceptions vary with type of visa, duratirm
of appointment, residency, and tax treaties. Aliens should inquire at
the Alien Tax Bureau of tile internal Revenue Service for informatl~n

concerning their particular tax situation. Other information may be ob-
tained from publications + 518 (Foreign Scholars and Educatio~,al
and Cultural Exchange Visitors) and ~ 519 (United States Tax Guide

for Aliens), available from the U.S. Government Printing Office, Wastl-

ington, D.C., for 75c per copy.

Individuals filing tax returns for previous years, after I,aving left tl]e

United States, may obtain the appropriate forms from a U.S. Embas’,y
or Consulate,

.
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Xay 5, 1981

2r. !lruceWachholz
~)ffice of Health &

Environmental Research
‘.’.S. Department of Energy
~iashington, D.C. 20545

near Dr. I?achholz:

The enclosed material is submitted to help you in the Hay 21 and 22 re-
view of Brookhaven’s Marshall Islands Radiological Safety Program.
are Included

1) Guide for Visiting Staff,
2) Schedule, and
3) Publications and Drafts Package.

The maps in the Guide for Visiting Staff will assist you in traveling
to the Laboratory and during your stay. A room has been reserved for you at
:he Laboratory site. Louisa ?lorrison, FTS 666-4208, will assist you in making
any arrangements.

If you have questions, please do not hesitate to call either myself or
Louisa.

Sincerely,

&d@Ad-T iL.Q.’d
Edward T. Lessard
Program Director
Marshall Islands Radiological Safety Program

ETL/slg

Enclosure



Marshall Islands Radiological S.JfeCV Pr{,gram Review Schedule

Nlav 21 and ~~, l~sl

LYsetission

Preliminary Review Committee meeting to be

followed by a welcome by ChayZes ~.!eznhold
Bruce Wa(~hhoZz Bldg. 535

Conference
Room

1oo9-
1100

1100-
1200

1~()()-

1300

1‘)oo-
:~ 1500

1715

1900

Anclreu Hull Bldg. 535

Conference

Room

Eduard Lessard Bldg. 535
Conference
Room

Cafeteria

Robert Mltenberger Bld~. 535
Conference
Room

Jan Naidu Bldg. 535
Conference
Room

Bldg. 535
Lobby

Room A

Marshall Islands radiological safety 1954
to 1981. An overview of the ?TecLcai Depart-
ment and Safety & Environmental ?roteccion
Division programs.

Marshall Islands Radiological Safety Program
Highlights 1974 to Present. SborZIy before
lunch a tour of the whuie-b~dy uuun~ing ar,d
bioassay facilities will be given for
interested Review Committee members.

LU?iCl-l

Whole-body counting and bioassay instrumen-

tation, quality assurance and resuics, Wi I1

include a summary of the relevant ?ortio~s
of the previous BNL medical prcgram and
cover our measurements of Sr-$!O, Fe-55,
Cs-i37, Pu-239, Zn-65 and CC-55. The air

sampling program will also be discussed.

Exposure rate, vegetation, animal, and soil
measurements, instrumentation, and quality
assurance. Nuclides included are I-i29,

CS-137, Sr-90, and CO-6!3. Diet and living

pattern studies including Marshallese
foods , food gathering, food supply ship-
ments, copra prodticzion, f%shing az?
other activities.

COCKTAILS

GUEST DINNER
Berkner Hall

---- ---- -- ---- ---- ---- ____ ---- _--’- ---- ---- ---- --

Friday 0900- Eduard kssard Bldg. 535 Dosimetry models and methods. Results of

*y 22 1200 Conference dose assessment for Rongelap, Utirik,
Room Enewetak, and Bikini populations. Nuclides

include CS-137, Sr-90, CO-6C, Fe-55,
Pu-239, iodine isotopes and zn-65. ~ata
storage, records, publicati~~-s and
transmission of information.

* The time allotted is approximate
and will deviate according to the
desire of the Review Committee,
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Castle-BravoAirConcentrationand Deposition
Patternsfrom a 3-D P~rticl~in-Ce~l Coce”

by

Kendall R. Peterson

May 18, 1931

ABSTRACT’

The JIATiiEIV-ADP[Ccode suite has been extensively modified to give the

total external dose from the detonation of the Castle-Bravo nuclear tes[ at Bikini

.Atoll until evacuation of the inhabitants of nearby atolls. The aaventzges of this

code suite is that it uses all the observed winds (in a .mas.s-eor?servation sense) at and

after the detonation to provide dose rates and doses due to passage of the debris

cloud and to the time-integrated deposition up to evacuation time. Previous

assessments have given the fallout pattern (deposition only) at time H+l hours.

The present code formulation gives excellent ageement with the estimated

total external dose (based on measurements) to people on Rongelap and Ailinginae

atolls.
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The author is indebted to RoII Lange, Leonard Lawson, and Hoyt \\ralker of

La’~IrenceLivermoreNationalLaboratoryfor theirassistancein developing the

suite of computer programs used in the calculations.

Grateful thanks are also due to Nathaniel Greenhouse* and Ed;vard Lessard

of Ikookhaven National Laboratory for supplying me with meteorological and dose

ratedatafortheCastl~Bravo test.

~~~ese~t affilia~lon: Lawrence BerkeleyNationalLaboratory,Berkeley, California
94’72!Y.
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INTRODUCTION

Operation Castle was an atmospheric nuclear test series conducted in ths

!)larshall Lslands from Tlarch to May of 1954. The most notorious testof theseries

T.vasBravo, a 15 megaton(11 thermonuclearexplosive.The top of the resultant

[11debris cLoud reached to nearly 35 km at stabilization time.

Because of an unexpected shift in mid-tropospheric wind directions following

detonation of Bravo, the fallout pattern, instead of hesding in the predicted

northeast direction, had an easterlyal@nment. As a result,persons on the atolIs of

Rongelap and Rongerik were exposedto relatively high levels of fallout from the

nllclear explosion. Prompt action was taken by U. S. Task Force personnel to

evacuate the natives of these islands. Some of the natives on Rongeiap, the closest

to the detonation point , suffered temporary nausea and minor skin burns. None

exhibited any medium or long term effects from their exposure...

However, after about 10 years, those Rongelap natives, who were young

childrenin 1954 developed non-maligment nodules on their thyroid glands. Since

then the occurrence of similar nodules among the Utirik natives has been reported.

The rateof occurrence has been higher than would be expectedstatistically.The

purposeof thisreportisto calculatedeposition and surface air concentration plots,

using a thretiimensional particle-in-cell suite of codes to estimate the doses at the

islands from which the natives were evacuated. \Ve will also consider the dose from

iaifiout as partof the debriscloud crossed the atolls. Finally!the calculatedtime

historyof airconcentrationson the downwind islandswillbe presentedforseveral

cuclides.



___

Severul fallout pit:erns for Castle Ernvo ?Ier- prepared in tne IiIt2 [!+50’S.

Some of the better known patterns appear in Rsi. 1 and‘werepregar~dny(ti):keAir

ForceSpecialWeaponsProject,(b)theNaviIlRadiologicalDefenseLaboratory,and

(c) the Rand Corporation. ~ comparkon of these three patterns sho.vs significant

differences in the maximum dose rates, as well as the shapes of the contours. This

is due in large part to the subjectivity invo!ved in the calculations. Portions of the

AFSWP and NRDL contours were based on dose rate measurements at RongeIap,

Rongeri!{, and Utirik, as well as a crude estimate of the dose rate received by the

Japanese fishing ship, the Lucky Dragon. The remainder of these patterns were

obtained using the observed winds in a subjective manner to bend the pattern and

achieve an approximate mass balance.

The Rand contours used estimated winds between Bikini and

winds were obtainedfrom interpolation of streamline analyses at

different times.

Rongeiap.These

severallevelsat

By contrast, the aitered versions of the NIATHEI$-ADPIC codes used in this
.-

report allow us to use the observed winds at different locations and different times

after detonation. No artificial bending of the pattern is required. The only

subjectivity lies in the selection of code input parameters. At all times, the codes

automatically assure conservation of mass.

CONIPUTER CODES

The suite of codesdeveloped for the AtmosphericRelease.+dvisory Capability

(ARAC) were extensivelymodifiedinorderto incorporatea largernumber of upper

air wind levels.All pfior uses of the codes have been to handle calculations for

releasesthatdidnot risehigherthan a few kilometers.Also,thestandardAKAC

codes do not involve sophisticated gravitational fallvelocity calculations, nor do

they include time-integrated deposition.
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.[2]Or15 of the major coces th~t ,vas modified is :,1.+THE’,} .; its aurpose is t~

~djl~s: observed ‘,vincs,using variational analysis methodst so as to Conser’:e rri<;s

from celltocell.Afterrr,edification,allobservedupperairwind data [rem 1II m to

35 km ‘.vere entered ~s input. This ‘.VK clone for ~our time periods,LIsing;~;inc!sfor

oiie to three observing stations for each time. The obvious advantages of thisc~de

(over most other fallout codes) is that mass is not permitted to accumulate in any of

the cells and winas are available for each 3-D cell intersection for four times.

The 31.4’I’HEN winds are used then by the modified ADPIC[3] particle-in-ceLl

code to calculatethe transport,diffusion,and depositionof an instantaneous

source. Modificationsrequiredof ADPIC, to handle the Bravo test,consistedof

alloq,ving more upper air input than is used in typical AR,AC assessments.

Furthermore, since particles falling from the stratosphere undergo a large increase

in air density, it was necessary to add a turbulent wake correction to the Larger

r4]
particles; this correction follows the method set forth by llcDonald; Other

modificationswere to incorporatea tropicalatmosphere into the fallvelocity

calculationsand to make the particleactivityincreaseas the cube of particle

radius. Finally, time-integrated deposition was added; thisallowscalculationof the

total dose from detonation time to evacuation.
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INPUT DATA

Surface me~eorologicd observations ‘were av~ii~ole from some atolls and from

the U.S.S.Curtiss ‘,vhich cruised south of Bikir, i; hoivever, since the larger pa:t~c!es

fall rapicly from the debris cioud to the surface and spend little time near the

surface, not many surface reportswere used. Of far greaterimportance are the
.

upper airwind observationstakenat foursites near Bikini atoL1. Other signil’icant

input data consisted of a flat topography, cell sizes of 34 km (east-west) by 17 km

(north%outh},and 1 km in the vertical, stem and cap debris cloud geometries at

stabilization time, source rates for both gross fission products and selected

individual nuc!ides, and particle size spectrum parameters.

lle time-integrated external dose pattern (in rack) due to gross fission

products from detonation time to evacuation time of Rogelap atoll (51 hours) are

shown in Fig. 1. The numbers next to Alling!nae, Rongeri!{, and L7tirik atolls are

integrated

For

5trauss[6]

values uo to the time people were evacuated from those atolls.

comparison, the value

are given in Table 1.

estimated by i)unnin~[5j andof total dose, 3

Note that the a=~eement is very good for

Rongelap and Ailinginae atolls. However, calculations for Rongerik and Utiri!< ~re

at odds with earIier estimates. The code calculations for Rongerik are higher, while

those for Utirik are Iower. This variation appears to be in part a probiem of

“tuning”; also a Possible variation in wind directions and speeds at late times when

the only wind observations were from the U.S.S.Curtis, south of Bikini (some

distance from the atolls of concern) ,may be an explanation.
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Present Previous
EvacuationTime Calcl.llatlonsEstimates

Atoll (hours) (rats) (roentgens) Ref.

(northernpart) 51 1300 2000 [61

!?ongelap
(southeastern part) 51 110 175 [51

.\ilinginae

(Sifo Is!and) 58 24 <100 [51

Rongerik
(southeastern part) 30 340 78 [5]

IJtirik 78 0.33 %10 [51

\Yith the modified JIATHE\’/-ADPIC code suite, it is possible to calculate the
. .

instantaneous immersion dose rate from gross fission products as a function of

+.L1.me. Tnis can be done for any time intei’el. Figures Za to 2f show surface

immersion dose rate contours for every three hours from one hour after Bravo cloud

stabilization time to H+l 6 hours.Note that after an easterly traverse, most of the

cebrisreachesthe tradewind level;the contourpatternmoves south and finally

towarathesouthwest.

Individual Nuclides

Calculations were made of ins~antaneous and time-integrated concentrations

at 2 m above the surface for the several atolls affected by Castle-Bravo. The

~uclidesconsidered were Te-1 29, 1-131, I-133, Cs-137, and Eu-1 55. These

calculations agree well with observations at Rongelapand Ailinginaeatolls,but are

too high at Rongerik and too low at Utkik atoll. The surface concentrations for

.~toll” are presented in Figures 3a to 5e. The time of arrival ofthefirstBravo debris

is in agreement withreportsmade by the inhabitants.



-5-

REF’ORTS (3FRAIN DL:{[Y’ZBRAvO FALLOUT

Transcriptsof post-detonation brieiings .Suqgest that seii-inducedr?.inout

occurredfora shorttime afterBravo was detonated. The creI.”)of the Japanese

fishing ship, No. 5 Fukura }Iaru (Luciiy Dragon), while fishing do’wn,vind justOdXiGe

the exc!usion zone, noted that the initial fallout on their ship was accompanied by “a

light rain or drizzle.’
17]

It is unlikely that this was a continuation of the

self-inducedrainout, some two or more hours after Bravo’s detonation; it was

probably a natural rain system superimposed on the debris cloud.

Another report of rain during Bravo fallout was made by a group of Rongelap

nativesafterevacuationJ8]They livedin Rongelap Village,on the southernpart

of RongelapAtoll,and statedthatit“raineda little”duringthe afternoonof 31arch

1St.

Teen

2100

Another interview with an American Air Force radio operator {81
who had

on Rongerik Atoll prior to evacuation disclosed that “rain commenced about

[LS_i’]and continued for 30 minutes.”

Finally,the S. S. Roque, owned by !MicronesianLines, left Kwajalein at 0945

L5T and arrived at Utirik at about noon on March 2, 1954. The ship left Utirik

(apparently a few days later) and arrive at Yajuro Atoll on March 7. A radiological

survey at Llajuro disclosed radiation readings of 10 to 30 mr/h on March 7. The

ship% captainmentionedthathe had encountered rain squalls during his voyage, but

was not specific about where or when. It appears certain that the S. S. Roque

e ncountered Bravo fallout, possibly accompanied by rain sho~ver% either while

approaching or while in harbor at Utirik. If 10 mr/h

days earlier (when the Bravo debris cloud passed

?stirnated at about 100mr/h.

are “grown back” to five or six

near Utirik), the dose rate is
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Extensive modification of the ?.lAT HEiv-.4DP1C code s’uite has p~od!:ced

contours of Castle Bravo accumulated and time-integrated deposition for :ross

fkion products. Through the use of dose c~nversion factors, these c~ntours have

been converted to dose rates and total doses up to the time of evacuation from the

atolls affected by the debris cloud. In addition, ho!h instantaneous and

time-integrated surface concentrations have been CalCL]13ted. For the nearest

atolls, the calculations agree well with the measurements and total dose estimates

based on these measurements. At the more distant atolls the agreement is not as

good, mdicatinq the need for more “tuning” of the code input parameters.

The internal dose to the inhabitants of the affected atolls have not heen made

in this report. Interviews with natives of Rongelap VilIage and Ailinginae [81

indicate that many people ate fresh seafood and drank water from cisterns following

contamination of their islands. Although there is no direct evidence that those at

Utiri!; ate and drank contaminated food and water, it seems likely that the:r did

since the dry deposition from Bravo was considerably less than at atolls to the west.

However, the previous section indicated that rain probably occurred during the time

o f fallout. This would result in wet deposition, producing local doses10 to 50 times

greater than in those areas where rain did not occur. This effect could have

resulted in development of thyroid nodules in those Utirik residents who consumed

contaminated food and ‘.vater.
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REEVALUATION OF AS SESSMIZNT OF
RADIATION HEALTH EFFECTS OF THE

RESETTLE.WNT OF ENEWETAK
ATOLL

STATEMENT ON BEHALF OF

THE PEOPLE OF ENEWETAK

to

SUBCOMMITTEE ON INTERIOR AND RELATED AGENCIES

by

Michael A. Bender, PhD

and

A. Bertrand Brill, PhD, MD

May 13, 1981



Our earlier Assessment (National Cytogenetics,

October 12, 1979) was based upon the “Preliminary

Reassessment of the Potential Radiological Doses for

Residents Resettling Enewetak Atoll (Robison, et al.,

UCID-19219, July 23, 1979, draft) also used by the Department

of Energy for its own health effects assessment (Ailin

in Enewetak Rainin, Washington, D.C., September, Ig7g) .

For our Assessment we also adopted the genetic effects

and cancer risk esti:,a:s s given in the May 1979 draft of

the National Academy of Sciences-National Research Council

Report” of the Committee on the Biological Effects of Ionizing

Radiation (the BEIR III Report) . Since that time final

versions of both drafts have become available, ancl each

contains revised values for estimates we used in 1979.

We have examined these changes and revised our numerical

health”effects estimates for the resettlement of Enewetak

Atoll accordingly. In summary, though there are increases

in both the dose estimates and the cancer risk coefficients,

they are relatively small. The resulting changes in our

numerical health effects estimates in no way affect our

earlier conclusions regarding the safety of the Enewetak

People upon return.

Radiation Doses. The refined dose estimates given in

“Reassessment of Potential Radiological Doses for Residents
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Resettling Enewetak Atoll” (Robison, et al. (1980) ,

UCRL-53066) corresponding to those we used from their

earlier draft appear in Tables 30, 42 and 44.

The changes are summarized in Tab 1. It may be seen

that the pertinent final estimates are somewhat higher

than the earlier ones; in the important cases by roughly

20%, thus our calculated 30 year whole body dose for Enjebi

people is increased from 5.6 rem to 6.8 rem, or from 186

to 226 mrem per year (page 4). Similarly, our calculated

30 year whole body dose for people returning to Enewetak

and the southern islands is increased from 0.23 rem to

0.38 rem, or from the old estimates of 8 mrem per year

to 13 mrem per year (page 5) . The resulting revisions

of the average doses to the whole Enewetak people increase

the whole body dose from 2.36 rem to 2.9 rem, or from 79

mrem per year to a revised estimate of 98 mrem per year

(page 5). For the case of a child born eight years after

the return to Enjebi, the situation expected to cause the

largest risk of genetic effects, the former calculated

4.9 rem 30 year whole body dose is revised to 6.1 rem,

or from about 163 to about 204 mrem per year.

Cancer Risk Coefficients. The 1980 BEIR III Report contains

substantially revised cancer risk estimates. We have

incorporated these in our reevaluation. Thus the coefficients
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given in Table 1 of our 1979 Assessment (page 30) for the

linear-quadratic dose-response model become 2.81 and 7.70

for the absolute and relative risk projection models

and those for the linear dose response model become 6.58

and 18.19 under the absolute and the relative projections

respectively. These are not large changes (indeed one

constitutes a small decrease) , but the largest is roughly

two fold.

Genetic Risk Estimates. The dose estimate revisions make

very little difference in the numerical genetic effects

estimates given in our 1979 Assessment (page 25) . For

example, the first generation increased risk estimate

upper bound estimate is changed from 177 to 218 cases per

million live births or, more meanfully perhaps, from about

0.08 to about 0.1 cases among the roughly 49 cases expected

from other causes in the next Enewetak generation if the

population just replaces itself. Similarly, the absolute

upper limit of credible risk of genetic ill health (page 26)

for a child born on Enjebi eight years from now who has

a child at age 30 is increased only from roughly 3 to 4.5 chances

in 10,000, which must still be compared with the roughly

one chance in ten normal risk, a very small increment indeed.

Cancer Risk Estimates. The effect of the newer dose

and cancer risk coefficients is also small. A comparison

of the new with the old estimates is shown as Table I. It
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may be seen that the earlier upper bound estimate for the

people returning to the souther islands of 0.05 added

cancers above the 41 cases expected from other causes

(page 30) is increased only to 0.09 added cases. Similarly,

the upper bound estimate for the people returning to Enjebi

of 0.66 case added to the normally expected 27 cases

is changed to 0.99 case. We emphasize, however, that

these are upper bound estimates, that the actual risk is

probably smaller, and may actually be zero.

Conclusion. We have reexamined our earlier Enewetak

health effects estimates in the light of more recent

dose and cancer risk coefficient estimates, find the risks

still small. lie note that our revised estimates remain

in remarkably good agreement

DOE . We still conclude that

that the radiation exposures

resulting from return of the

with those provided by the

it is entirely possible

of the Enewetak people

dri-Enewetak to the southern

islands and the dri-Enjebi to their home “will never result

in even a single case of disease among either the returning

population of their descendants.”
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Table 1. Comparison of Pertinent 1979 and 1981 Whole
Body Dose Estimates

Dose
30 yr.

>--.ma=-....*.--*..**-+. ..

Southern New 0.38
Islands Old 0.23

Enjebi- New 6.8
Northern Old 5.6
Islands

Average New 2.9
(total Old 2.4
population)

(rem) Average Dose (mrem\yr)
50 yr. 30 yr. 50 yr.

-a..,

0.55 13 11
0.33 8 7

10.1 226 201
8.0 186 159

4.3 98 87
3.4 79 68

Table 2.

Group

Southern
Island

Enjebi-
Northern
Islands

Comparison of No. of added Cancer Deaths Due to
Lifetime Exposure (50 years) - Enewetak Atoll
Linear-Quadratic (best) and Linear (Highest) Models

Absolute Risk Relative Risk
LQ Li_n LQ Lin

New .02 .03 .04 .09
Old .01 .02 .01 .04

New .15 .36 .42 .99
Old .09 .30 .17 .62

Total Group New 17 .39 .46 1.08
Old :10 .32 .18 .66
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ASSOCIATED. ~NIL/E~SIT!ES, INC.

April 9, 1981

:Ir.T. F. McCraw
~1ivision of Health and

Environmental Research
U.S. Department of Energy (DOE)
!Jashington, D. C. 20545

Dear Tommy:

The following schedule is submitted for the upcoming site review of
Erookhaven’s Marshall Islands Radiological Safety Program. It is tenta-
tive and can be adjusted to meet the needs of the Review Committee.

Time

0900-
1000

1ooo-
1100

11oo-
1200

1200-
1300

1300-
1500

1500-
1700

,-. .=. > -

Discussion
Leader

Bruce
Wachholz

Andrew
Hull

Edward
Lessard

Robert
Miltenber-
ger

Jan
Naidu

..-

Location

Bldg 535A
Conf. Rm

Bldg 535A
Conf. Rm

Bldg 535A
Conf. Rm

Cafeteria

Bldg 535A
Conf. Rm

Bldg 535A
Conf. Rm

Comment

Preliminary Committee Meeting

MIRSP Program Synopsis 1974
1981.

Program highlights and tour of
the whole-body counting and
bioassay facilities.

LUNCH

Whole-Body counting and bioassay
instrumentation, quality assur-
ance and results. Will include
a summary of the relevant portions
of the previous BNL medical pro-
gram and cover our measurements
of Sr-90, Fe-55, CS-137, Pu-239,
Zn-65 and CO-60. The air sampling

program will also be included.

Exposure rate, vegetation, animal,
and soil measurements, instrumenta-
tion, and quality assurance. Nu-
clides included are 1-129, Q-137,
Sr-90, and CO-60. Diet and’living
pattern studies including Marshal-
lese foods, food gathering, food

supply shipments, copra production,
fishing and other activities.



‘.<ssard to >fc~raw -2- April 9, 1981

Discussion

Date Time Leader Locat ion

q’Zl/81-, 2000 Charles Stony Brook
Meinhold

5/22/81 0900- Edward BMg 53.5A
~~oo Lessard Conf. Rm

Comment

Dinner at Three Village Inn
for committee members, BNL
members and their spouses.

Dosimetrv models and methods,
Results of dose assessment for
Rongelap, Utirik, Enewetak,
and Bikini populations. Xu-
clides include CS-137, Sr-90,
CO-60, Fe-55, Pu-239, iodine
isotopes and Zn-65. Data
storage, records, publications
and transmission of information.

Under the ?roposed format, the various discussion leaders will be
?repared to present slides and overheads on topics related to their
discussion area. An open round table consideration of the topics presented
b; each discussion leader will follow. On May L, 1981, 1 will forward 14
copies of our publications and drafts package to you. The package will
LLlsoinclude copies of our schedule 189’s, work package authorizations,
Jnd a synopsis of the program history. I will also forward a package to
bill Robison for his information.

I look forward to the review and would appreciate your suggestions
concerning any aspects of the schedule or format.

Best regards,

c&L@oCi_T 9J_ti&?&

Edward T. Lessard

ETL/slg

cc: V. P. Bond, M.D., Ph.D.
C. B. Meinhold
Dr. B. Wachholz
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AssOclATED UN~VERSITIE$, lrdC

April 23, 1981

(516) 34.!;- 4250

!lr.T. F. McCraw
Uivision ui Health and
Environmental Research

:!.S. Department of Energy (DOE)

‘Washington, DC ~0545

War Tommy :

Enclosed are the figures you requested for the Bikinians and other

?opulacions. Drafted figures are included for Sr-90 and CS-137 for
3angelap, Bikini and Utirik residents. Bikini mean adult body burdens
wilich equal, the minimum detection limit for the procedure are estimated

for Pu-239. Figures illustrating CO-60, Fe-55 and Zn-65 are being drafted
$resently. Hand drawn copies are included with this letter.

The figure with Pu-239 results illustrates our upper limit estimate
of the body burden. These estimates are different for the ingestion or
inhalation pathways. The two curves illustrate the results obtained when
one assumes that the urine activity corresponds to (a) an inhaled uptake

or (b) an ingested uptake. The minimum detectable inhalation burden
corresponds to an average derived air concentration of 30g fCi m-3, much
greater than that observed by Robison (uCRL-52176). The minimum detectable
ingestion burden corresponds to 4 pCi yr-l. This is much ~reater ~han
chat predicted by Robison. Our opinion is that our minimum detectable
results can be many times larger than the actual ~ody burden 95 ?*J-239 in
this population.

If you need further illustration of our data or require additional
information, please do not hesitate to ask.

Best regards,

LLmd T &-.-i-m&

Edward T. Lessard

ETL/slg
Enclosure

cc : B. Wachholz
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UTIRIK

BIKINI

ENEWETAK

URINE COlleCtiOn DATE

,MARCH 1954

MARCH 1956

JUNE 1957

APRIL 1958

APRIL 1959

APRIL 1961

APRIL 1963

APRIL 1964

APRIL 1967

APRIL 1968

APRIL 1969

APRIL 1970

APRIL 1971

APRIL 1972

APRIL 1973

APRIL 1974

APRIL 1978

AUGUST 1979

AYRIL 1959

APRIL 1974

APRIL 1978

AUGUST 1979

APRIL 1974

APRIL 1977

APRIL 1978

JANUARY 1979

MAY 1979

AUGUST 1980

FEBRUARY 1980

JhUARY 1981

WHOLE BODY COUNT 3ATE

APRIL L95ti

APRIL 1959

APRIL L961

APRIL 1965

APRIL 1974

APRIL 1977

AU&JST 1979

APRIL 1959

APRIL 1974

APRIL 1977

AUGUST 1979

APRIL 1974

APRIL 1977

APRIL 1978

JANUARY 1979

MAY 1979

AUGUST 1980

FEBRUARY 1980

JANUARY 1981



CONFERENCE ROOF!RESERVED FOR:

MARSHALLISLANDS RADIOLOGICAL SAFETY PROGRAM REVIEiJ MEFTIhfG

Thursday , May 21 and Friday, May 22, 1981

Participants

William Bair
Norman Cohen
Chet Francis
Richard Gilbert
Jack Healy
Roger McClellan?
Tommy PicCraw
Jacob Thiessen
Roy Thompson
Bruce Wachholz

Robert Conard?
Stan Cohn

Andrew Hull
Edward Lessard
Charles Meinhold
Robert Miltenberger
Jan Naidu

‘A%a%~Yorthymu~&#oe#fiti~S fey ~oS@~~y.

)
Linda Olmer-&AD~6W#6~9~@~-u&#@~bV51S(r~~7#/&!L@
Joseph Steimers- ;~&n#ar&7
Joeseph Balsamo~ ISSST,

\
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T~ble 1. Estimated gamna exposure (measurements in air}.

Instrument
Xo .

Est. y
Approx. LLme ‘Time of read:ngs exposure

AcJi! ?eonle faklouc began evacuation—. (mR/hr) (R)

Fiongel,ap 64 H*4 to ~ hr H+50 hr (16 people) 275, H*7 days 175
H+51 hr (48 people)

.li!i~gn;e 18 H+4 LO ijhr H+j8 hr 100, H+9 days 69
3angerlk 28 Hto.8 hr H+2g.5 hr (g ~en) 280, H*5 days 78

H+~4 nr (~@ men)
TJtlrl”k 157 H+22 hr Started ac 3+55 hr 40, H+8 days 14

Table 2. Escimaced body burden (~Ci) of Rongelap people.

Max. perm.
Activity* .lctivity~ cocal body
ac day 1 at day 32 burden

89~r 1.6 - 2.2
i~OBa

0.19 40
0.34- 2.7 0.021 9

Flare earth group o - 1.2 0.03
!311 (in thyroid gland) 6.4 -L1.2
i>~jRu

0.7
0 - 0.013

V5C=
50

0 - 0.019 0.0 200
Flssile material o - 0.016 (@ 0.0 O.&

‘From iJ.s. -Naval RaciiologLcal Deicnse Laboratory.
~From Los Alamos Scientific Laboratory.

Table 3. Esciziaced whole-body (gamma) and thyroid doses (r~

Thyroid dose (incl. gaxmoa),
at exaosure age:

‘Aole-body
Population No. dose c 10 10-18 >19

Rongelap 65 175 810-1800 335-810 335
Ailingnae 18 69 275-450 190 135
Utirik 158 14 60-95 30-60 30

—_

●A~Femation Of the early whole-body and internal organ doses is in prog-
rzs~ ac Brookhaven Yational Laboratory. Incomplete results gi~-s some indica-
?!.oq F dc the previously escimaced thyroid dcses may be too ioh. Since the
::stll.:!are preliminary, they are coc included ia Ciis report.



Marshall Islands
Whole Bod~yCounting

1958-1977 BNL Medical Department 1978-1981 BNL S&EP

Bikini Enewetak Ilonqelap

1957 4
A

d 100
9 227

1960
1 110
2
3
4 158
5 169
6
7
8
9

3
4 31 46
5
6
7 48 35 (H&N) 66

. - - -- - ---- -- --- - --- - - --- ---- -_ - _- ____ ---- --

Utirlk Control Remarks—

2A At ANL
Steei Room-Chair

30 ,, ,1 ,,

Steel Room-Chair

Shadow Shield-Bed
Shadow Shield-6ed

22 Shadow Shield-Bed
Shadow Shield-Bed

66 Shadow Shield-Bed
--------------------------.---------

a 99 12 (M) Shadow Shield-Bed

9 101(M) 75 75 Shadow sh~eld-bed
129 (K) Shadow Shieiti-Eed

1980 200(M&K) 402 73 (M&K) Shadow Shield-Chair
Shadow Shieid-CtLair

1 378

Explanation

.<- Kili
Y- Ma]uro
fi&N- Holmes & Narver employees

LV - Large Volume Samples
R - Rongelap



195d-1977 BNL ;4edical Depar~mer,c i97d-1981 !3NLS&EP

Biklal

1954 (Mar:h)
1954 [.April)
1954 (June)

o

7
a

9

1’360
,
J.

3
4

5

7

8

9

19713 Pooled + 2

1 ?ooled + 7
2 iooied T 4
3 14
4 21

. - - - -------- - - --- .

Enew~ta~ Ronqel.a~

Pooled (15)
51

Pooltid

Pooied

Pooled
15

174

19

38

27

28+2 Pooled

24

22

23

20

15

18

11

14
---- -- --- - -- - - -- - --- -- _- .

Cther Analysls
Utlrlk Comparison Atolls ~.

NRDL & LASL
NRDL

NRDL & LASL
lb 5-Pooled 9-Likiep,

(NY-HASL) 5-Majuro NRSL & WJSL
?
?

18 Clw

BNL-Med

HASL

HASL

14-Ki.li HAS L

HASL

HASL

HA5L

HAS L

11 HASL
------- ------ ------ ------------ ------ ------ ------

5 2 Pooled

6 8 +Pooled

7 5 Pooled 35 (HGN) 5 (LV) 5 (LV)

8 49 + 5 (LV) !5 (LV) 5 (LV)

9 73 73

1980 400

1 335

Explanation of Symbols

HASL
Pooled Ebeye, WOtje HASL

BNWL, LASL

12-Majuro 3NL S&E?
49-Ma]uro 3NL S&EP

129-KiLl ~SL S&EP

100-Majuro,Klli BNL S&EP

BNL S&EP

uw- University of Washington
HASL - Health & Safety Laboratory (Now EML)
LASL - Los Alamos Scientific Lab
NRDL - National Radiological Defense Lab
H&N - Holmes & Narver

LV - Large Volume Samples



flARSHALL ISLANDS RADIOLOGICAL SAFETY FROGRAM

FIELD TRIPS 197h-\98\

1. Dose Assessment-Environments I Food Chain Surveillance

4/74 - Greenhouse, Ash

Orientation Fie

-External rad

Nelson - Utirik, Rongelap, Bikini

d Trip (with Medical)

at ion measurements

-Sampling groundwater, soil, plants, fish, coconut crabs

12/74- Greenhouse, Nelson - Roflge]ap, Ronger:k, Bikini

-External radiation measurements
-Sampling Fish

4/75 - Greenhouse, Williams, Reilly, Davis, Nelson - Bikini (Enue)

-External radiation levels

-Soil and vegetation (also Wotho, Kwajalein)

Guidance on Siting of Second Increment of Housing

6-7/75-Greenhouse, LLL, UWLRE, EPA - Multiagency - Bikini (Enue)

-Soil, groundwater and vegetation (to Uw)

Guidance on Siting of Second Increment of !-lousing

11}12/75-Greenhouse, Nelson - MaJuro, Po~pe, ”Truk, Guam, Polau

Regional Radiological Background Study

3-4/76-Greenhouse, Naidu, Kuehner, tiaughey, Terpilak - Bikini (Enue)

Fol lowup of Previous Study

-B-y dose rates

-Soil and vegetation

9/76 - Greenhouse, Nelson with Medical - Wotje, Ailuk, Utirik,

Rongelap, Bikini

-Environmental surveys



Il. Augmentea Program: PU Air sampling, Residency, Dose As5e55ment,

Diet and Life Style Study

l-2/77-Naidu - Rongelap

-Residency, effects of radiation on men

h-5/77-Greenhouse, Levine, Miltenberger - Utirik, Rongeldp, Bikini,

Kwajalein

-Site planning, wind-powered generators and air sampiers,

aiso conventional , Kwajalein-Pu excretion sampling

10/77 - Greenhouse, Levine, Oillingham, DeAngei is, Cua - Lltfrik, Rongeiap,

Bikini, Kwajaiein

-Installation of windmills

-Large voiume urine sampling collection

10/77 -“ Miltenberger, Cohn, Rothman, Clareus, WBC - Japtan

-WBC-Japtan t4arshailese (unsuccessful)

-WBC-Enewetak (Hoimes and Narver employees)

ii18 - Balsamo, Sherwin - Bikini, Rongeiap, Utirik

-Complete installation of wind generators and repairs

3-4/78 - Miitenberger, Lessard, Naidu - Rongeiap, Utirik, Bikini

-Coilect urine, soil, vegetation and fish

‘5 Day Hi-Vol Air Sampling

-Residency-Utirik (Naidu)

-WBC, urine, vegetation,

9/78 - Greenhouse - Nor Marshaii

ocai foods

slands Radio ogical Survey



1/79 - Miitenberger, Greenhouse, Ci-aiyhead - tlajuro (former Bikinian)

-’ABC I,of 64 former Bikinians), 49 urine samples; 37 Majuro residents

-Complete Pacific Basin Study (UWLRS)

5/79 - Miltenberger, Lessard - Majuro, Kili (former Bikinian)

-WBC (of 79 former Bikinians, SO Kili)

8-9/79-Miltenberger, Lessarci, Balsamo, Hunt, Dill ingham, SherWi~, Ra~eMaCher -

Kwajalein, Rongelap, Utirik

-Reestablish air samplers, Kwajalein, Rongela, Utirik

-WBC 150 persons (Rongelap, Utirik)

-Environmental Monitoring (EM), Rongelap, and Utirik

-146 urines

‘]OCdt foods

2/80 - Miltenberger, Levine, Greenhouse, Manalastas - Japtan, Enewetak
Ujelang - Baseline data, prior to repatriation

-WBC 400

-Urine samples (400)

7-8/80-Greenhouse, tloorthy, Wells Rivera - Majuro, Kili

-WBC (200 persons)

-urine (100 persons)

l-2/81-Miltenberger, Roesler, Bennett - Enewetak

-WBC

-+
“ -x-ray machine survey

.:.
., ~:’*’~*

-k.

WBC - whole body counting

-.
.,

.&

.
+“
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Environmental Sampling

Water

30
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Wrshall Islands Radiological S.aft?tvProgram

5cie.ntific ,$Professional Staff

Proqram Directors

MIRSP

1974 - Sept 1980 Nathaniel Greenhouse

Sept 1980 - Present Edward T. Lessard

(Dose Reassessment)

1978 - Sept 1980 Janakiram R. Naidu & Nathaniel Greenhouse
Sept 19d0 - Present Jdnaklram R. Naldu & Edward T. Lessard

Principal Suuport Staff

1974 - 1975 Frances J. Haughey

1976 - Present Janakiram R. Naidu

1977 - Present Robert P. ,Yiltenberger (WBC,Data basis)

1979 - Present Edward T. Lessard

Part-Time Staff

1978 - 1980 Florence Cua

1978 - 1980 Jerry Knight

Adjunct Staff

1974 - Present Andrew P. Hull

Ronqelap & Utirik

Dose Reassessment (DBER)

(Part-Time)

1978 - Sept 1980 Nathaniel Greenhouse

1978 - Present Janakiram R. Naidu

1979 - Present Edward T. Lessard

~onsultants

8/78 Charles Sondhaus (UCCM)

Diet and Living Pattern Study
(LLL, DOE)

9/78 Janakiram R. !iaidu
Evelyn Craiqhead
Nathaniel Greenhouse



1?77

19:3

198’3

1961

Person-’<ears
5C1 - ?rc,r“

1.5

2.0

2.0

2.5

3.4

3.8

3.4

Budqet
Scientific Proq

Other
Capital

(S1,J90) (Sl,ooc)

207 80

2.5 207 + 10
+50 (RUDR)

1.6 281 25
+59 (RUDR)

2.2

3.1

351 50

+50 (RUDR)

415 5
-30
z

+50 (RUDR)



iv 1’375

1976

1977

1978

1979

1980

?.Iarshall Isl~nds Ra~Loloqlcal Safety Program

Yaior Capital E~l~iCment }.ccyuis it ions

Computer Based Multi-channel (and Ge-Li)

Portable y Spectrometer, two Reuter-Stokes RS-111

Wind powered generators (air sampling) , three multi-ch~nel
analyzers, (two Nal detectors)

Peripherals alpha spectrometry (Pu)

Davidson mutli-channel, tower

Computer based, multi-channel

extension for windmills

P.H.S.
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BNL Radiological safety program Budget ($)

Operatinq

FY 1975 125,000

FY 1976 172,000

FY 1977 207,000

FY 1978 207,000

FY 1979 281,000

FY 1980 351,000

FY 1981 415,!IOC*

Capital Equipment

20,000

20,000

80,000

10,000

25,000

50,000

5,000

* Reduced to 385,000 in November 1981 .

Rongelap and Utirik Dose Reassessment
Budget ($)

FY 1978

FY 1979

FY 1980

FY 1981

50,000

50,000

50,000

53,000



w

m

HALF ADULTS 16 YEARS AhU OLOFU

. . . . . .. . . . - .-
..

DATE co 60 FxP ---r< 137
I/c 1 [ICI

10 hb 4F AGE ISLAN12
FxP

-3

-3
-4

-6

-4

-3
-6

-3
-4------

-4

-3

K 3C4-41
GIJAhl

127.,?0

175.?0

166.00

202.00

10R.OO

1(.6.00

.?01.00

160.10
183.30.... ___

01/23/81 .* 13.60 n
2054 55.0

F~FtfETA<

fFFWETAK
01/?6/81 H.n7
02/03/Mo ,,lh(l.lln

-7
o
n

2042 33.0
F$EWETAK

.,
;$$!

,, I (

. . . . ,:<:;,

02/07/80 + m.rJfT o
1040 27.o

FhFMETAK 02/07/80
o

1014 ?9.0

[FIFUETAK 01/26/81
JAPrAN 02/06/80 o

n
1156 -)6.0

JPPTdN” 01/21/81 0.74 -3 -4 Q.44
(JJFLAUG 02/1 1/80 4}?0.00.———- ._. __ — . . ..— .-_-— ._

—-

0
n

--— .—.—.- . ._-,

,., ( 2164
.,1 .

.,
16.0 .4

UJ[LANG 02/11/80 --=-4 7?.00

---d
:,

49.0

P9.20 o
2003

ENFWETAK 01/?5/81

“r’=~md’J’i:”’+- ”--;:q’::~ ~:””-- ‘:’::”’
~b,o.. t-----2093

.-=*--”---”-?’’!:!_.!.._>’:!:
ENEUETAK.—. ._ ..-.~$;;–—~i 7:::; ::” 95.00
uJELli4G

79.00
— —. 9 -—.—__ > .- .-.

6.7? 151.20
15n-oofi-. —-_:- ...._.-156.00

..-— . ,. _ - __

7.R3 -3 142.00 b“~”
7n,f3Ll --_4- 169.40 -n-’ .— -—.

I --–—-- ------

—
n-.
n . .—-

. , ,..—---— ——.. -—. . _____ _______

0

(l

——w

+ . ..— ________

,,

—-—
f

—..
7709

--- .—

——
lUTE

———

—. .—-.—‘~63
.,.

——

““~!r!
.— --- .—— ___

—_ __ _.. -—-—
ENEUETAK 01/22/81 , J

———”-mEuETzR---oz7rJFl7l3o— ..

1: ‘ “ --:::
16.30 -3

25rl.”()-- -4
185.10 ,0
162.70 “-o-”----

...
?.05 -2 136.00 n

——- ,.

-. ( -. —

. .

Gy —---A~----
,, ‘%—_ . .

ENEMETAK—. 01/22/81 ,ti
,0,- .-..


